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New Cake Cover Now Printed 
for quick, positive identification 


indelibly printed disposable cake 
cover—hailed the first “infallible” 
method identifying rayon yarn— 
has been worked out Avisco re- 
search men. All the information 
needed processing rayon—denier, 
direction twist, degree luster 
and lacing notice, discernable 
glance. Thus, the new cover will 
largely eliminate packing errors and 
the mix-ups which have complicated 
the problem storage. addition, 
immediately signals “right side 
important factor efficient 
winding. 

The cover printed with spe- 
ink that impervious sul- 
phuric acid, strong alkalis, bleach, 
gelatin and oils—as well soaping, 
tinting and dyeing. 

Since its introduction last sum- 
mer, the disposable paper cover—an 
exclusive with American Viscose 
Corporation—has won widespread 
acceptance the textile industry. 


MANCHESTER, ENGLAND, 
March, 1929—Exhibitors at the 
British Industries Fair are show- 
ing printed rayon hose — the 
latest English fashion. 


New York, March, 1929— 
Rayon is entering another field. 
It is now possible to purchase 
rayon fabrics for upholstering 
automobiles. 


Users have commented favorably 
the elimination the 5-cent de- 
posit required the conventional 
knitted cover and the associated han- 
dling and bookkeeping required. 
Now, the addition printed label 
eliminates identification hazards. 


The first Avisco rayon cakes with 


the new printed covers are expected 


shipped this month from the 
Roanoke, Virginia plant American 


Viscose Corporation. 


New York, March 1929—Original designs 
intended for use on rayon fabrics are now 
being registered by the Design Registra- 
tion Bureau of the Silk Association. For- 
merly only designs intended for costume 
silks were accepted. 


Avisco sponsors development 
better use tests for rayon 
fabrics Penn State College 


develop laboratory tests which will ac- 
curately show what will happen rayon 
fabrics when used, Avisco for six years has 
been supporting research program the 
Ellen Richards Institute Pennsylvania 
State College. The work includes the de- 
velopment accelerated aging tests for 
fabrics exposed light, heat, humidity, 
atmospheric gases, perspiration, abrasion, 
laundering and dry and wet cleaning. Tests 
involving combination these agencies 
are devised. addition, wear- 
ing tests are run the same time 
check the accuracy the trial labora- 
tory tests. 

Research workers the Ellen Rich- 
ards Institute have shown that many 
the textile tests now use—while they 
screen the extremely bad fabrics from all 
others—have limited value predicting 
what will happen use. The purpose 
tory tests sufficiently rigorous simulate 
what happens fabrics the consumers’ 
hands. The information resulting from 
these tests will aid improving the con- 
struction rayon fabrics and the finishes 
and dyes selected for them. The results 
the Institute’s work date are available 
request pamphlet form. 
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MAKE USE 
4-PLY SERVICE 


encourage continued improvement 
rayon fabrics, American Viscose 
Corporation conducts research and 
offers technical service these fields: 


FIBER RESEARCH 

FABRIC DESIGN 

FABRIC PRODUCTION 
FABRIC FINISHING 


AMERICAN VISCOSE 
CORPORATION 


America’s largest producer rayon 


Sales Offices: 350 Fifth Avenue, New York 
Y.; Charlotte, Cleveland, Ohio; 
Philadelphia, Pa.; Providence, 
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new REINHOLD 


The Chemical Technology 
Dyeing and Printing 


Louis Diserens 


Technical Director Alsatian Print Works, 
Scheurer-Lauth Co., Thann. Translated 
and Revised from Second German Edi- 
tion Paul Wengraf and Herman 
Baumann 


Here indeed outstanding and no- 
table addition the literature dyestuffs— 
the long-desired English translation the 
treatise the famous French textile dyeing 
authority, Louis Diserens. 
has been made from the newly released second 
German edition, and has been carefully revised 


Progress the manufacture dyestuffs, 
industrial and textile chemicals, fibers and 
resins, feature the book. Since the 
chemist the average dyeing and printing 
plant cannot assimilate all the current litera- 
ture regarding dyestuff application and related 
subjects, the principal aim this book 
facilitate his task arranging references 
their proper dyestuff groups, and explain 
the chemistry the dyestuffs relation 
their application textiles. 


examination order 


REINHOLD CORPORATION 
Dept. M-140, 330 42nd Street, New York 18, 


Please send copies Technology Dyeing $11 each. 
Check enclosed (we pay postage). 
Send 10-Day free examination. 
Add for New York City orders tax). 
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FORMASET* 


Synthetic Resin Finishes for Textiles 


Each Formaset has its particular advantages designed solve 
specific finishing problems. Warwick technical advisors will 
gladly work with you determining the correct Formaset for 


your 


WARWICK CHEMICAL DIVISION 
10th ST., AND 44th AVENUE, LONG ISLAND CITY, 
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the 
KNITTING SHOW 


BOOTH 352 


New MACHINE 
THE 


IP-4 SERIES 


NOW AVAILABLE! 
RECORDED Tests 
Hosiery Stretch 
and Recovery 


Already standardized for numerous other purposes, this new machine performs tests 
never before done, and for the first time provides records. Special fixtures have 
been developed permit areas small the instep large the welt evaluated for 
stretch and recovery. Now for the first time, the hosiery manufacturer has means evalu- 
ating variations construction, design and finish, with the test results recorded permanent 
form convenient for filing and reference. Another example the versatility Scott Testers! 


SCOTT TESTERS INC., 


145 BLACKSTONE ST., PROVIDENCE 
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Dynamic Properties Filaments, Yarns, 
Cords Sonic 


James Lyons 


Chemical and Physical Research Laboratories, The Firestone and 
Rubber Company, Akron, Ohio 


Abstract 


briet the stretch-vibrometer developed the Firestone Research Laboratories 
given, and the theory its operation outlined, are new measurements made 
the instrument verifving the previous conclusion that loss energy the apparatus immeasur- 
ably Values the stretch moduli coefficients internal friction and hyster- 
etic energy losses samples natural and synthetic textile materials, Fiberglas, and steel wire 
are given. Corresponding static values of moduli and energy losses are also given. The latter, 
it is shown, do not correlate with dynamic values, and hence cannot be regarded as predictive of 
dynamic behavior resonant which measurements were made these samples 
ranged from 65 to 360 cycles per second. 

significance the various measures which have been with the present data 
express hysteretic losses discussed, and shown that the quantity while not 
constant, is confined to a narrow range of values in most samples. Further evidence is submitted 
generalizing the near-hyperbolic relationship between and Results application the 
method to the comparison of various tire-cord ravons are given Measured on the stretch-vibrom- 
eter have been dynamic moduli ranging from 2.1 * 10% (rubber thread) to 226 « 10" (steel 
wire) dynes and internal-friction from (rubber thread) 10° 
(silk thread) 


material (usually considered the solid, col- however, dynamic properties also have im- 
loidal state) understood its modes response plications the behavior textile materials 
while being continuously loaded unloaded where the conditions are 
The dynamic properties static, but involve elasticity and resilience 
textile element, such filament cord, the molecular level these latter properties are closely 
reference the molecular structure which these with the dynamic properties. the 
properties are functions, directly determine the molecular forces which 
serviceability these elements mechanical all gross properties, knowledge the 

namic properties material, textile any other, 


The material this paper was presented the insight which goes that which 
Conference Textiles the American Association 
for the Advancement Science, New London, July, 
ments alone. matter fact, the dy- 


123 


can obtained from conventional static measure- 


4 
“a 
73 
es 
et. 
fle 


124 
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namic measurements made textile fibers, those 
Mever and Lotmar were applied 
dynamic applications but the structural analysis 
the cellulose network. 

Generally, the laboratory measurement dy- 
namic properties the loading regular and 
sinusoidal form, frequencies low 
acoustic into the ultrasonic. re- 
searches textiles [2, were limited measure- 
ments single dynamic property: the stretch 
modulus (Young’s). attested the amount 
work which has been done the metals 
and rubber, there are other 
which have considerable 
two these, the internal friction 
and hysteretic energy loss, well the stretch 


Method 


The stretch-vibrometer and the method 
have been previously described some detail 
schematic diagram the apparatus shown 
Figure the method consists passing 
through coil which rests the strong 
electromagnet and which supported 
two lengths the test string, which are neces- 
under tension. The passage the current 
through the coil causes vibrate axially, thus 
clongating the specimens 
string. The amplitude vibration measured 
has been calibrated that for given 
length sample (usually 25.4 readings the 
current, its frequeney, and the 
tude vibration provide the necessary data from 
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Schematic diagram stretch 
and auxiliary 


which the desired dynamic parameters can 
0.080 (0.3 percent) for nylon cord, and 0.010 
em. (0.04 percent) for glass cord. 

the present method the equation 
motion the vibrating-coil svstem: 


+ t COS al, ) 


where vibrating mass; displacement from 
friction the test specimen; shape factor 
dynamic stretch modulus; and amplitude 
applied force having frequency series 
measurements have disclosed that the energy loss 
the instrument and hence 
this condition, the solution 
equation (1) leads the following formulas the 


dynamic properties: 


total energy loss per 


hysteretic constant (energy loss per cvcle 


per unit volume), 


The quantity represents the resonant 
while the maximum amplitude (at resonance 
the length one the specimens and the 


cross-sectional area. 


Energy-Loss Functions 


Since the loss, according equation (5), 
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dently depends upon particular experimental condi- 
tions, and not parameter characteristic the 
obtain 


material. which 
nearly material constant, the energy loss per unit 
strain-amplitude has been computed for the various 
samples energy loss per strain- 
amplitude evidently the hysteretic constant 


for and thus given the expression 


strain-amplitude, comparison may 
tween materials tested with different strains. The 


result, under ideal conditions, will give the same 
proportionate energy losses among the materials 
they would they had been tested the same 
strain-amplitude. 
that unit 
strain-amplitude are not, general, strictly inde- 


Because found experimen- 
pendent strain-amplitude itself, the amplitude 
range should not too wide 

There are many cases which not practical 
compare materials the basis uniform strain- 
amplitude, for actual they would experi- 
ence widely different strains because their differ- 
ent dynamic properties. This particularly true 
the mechanical fabrics, since they are the load- 
supporting structures the products which they 
are part. Thus if, tire given type and 
size, one textile material replaced another 
approximately cord-for-cord, the two samples would 
experience cycles nearly 
tageous make terms energy loss 
per unit stress-amplitude. quantity, like that 
referred unit strain-amplitude, varies with strain- 
amplitude. 

the dynamic stretch modulus the 
ratio instantaneous clastic stress instantaneous 
strain, implied the presence the term 
equation (1), have 


° Es 
elastic stress = : (7) 


that 
stress-amplitude, the energy loss per unit 


equation (5), can verified 


Another quantity which has been used evaluate 


stress-amplitude, given the expression 


hysteresis vibration processes the 
introduced into mechanical problems 
analogy with the behavior electric 
currents, the theory which the term appears 


125 
have been used The loss-angle tangent 
dimensionless quantity given the expression 
indicated the Appendix, which 
does 


not measure energy loss but directly dependent 


its significance discussed, the quantity pw, 


upon the intrinsic frictional resistance the ma- 
terial. Values the loss-angle tangent have been 
calculated for number materials which re- 
sults are herein given. 

The moduli, frictional coefficients, 
losses computed from vibrometer data samples 
the form cords evidently the 
influence gross construction well molecu- 
lar properties the latter alone 
are given tests monofils. The measurement 
parameters which involve construction useful 
where construction itself under study where 
the aim evaluate the dynamic performance 
finished textile product, as, for instance, twisted 


and stretched tire cord. 


Instrumental Energy Losses 


the original publication the present model 
of the stretch-vibrometer [7 there were described 
measurements, with cotton cord the apparatus, 
from which was found that energy absorption 
instrument 


(damping) 


small. With view securing further and more 
refined verification this finding was decided 
conduct measurements materials which them- 
selves have lower total damping-energy losses than 
has cotton cord. Accordingly, 
conducted with nylon and steel monofils. 

has the total damping energy per 
evcle lost to the system, including the instrument, 
can calculated means equation analogous 
equation The part this energy which 
dissipated the vibrating string 
directly proportional the length 
would supposed that given frequency the 
Thus, 


total energy losses are measured for various lengths 


loss the instrument would constant. 


the string, and are extrapolated zero length 
the 
energy plot total damping energy vs. 


string, 
specimen length, the energy-intercept would the 
instrumental loss. 

The results the present experiments with nylon 
and steel are shown Figures 
were made the eight different lengths, 


indicated Figure will seen that the 
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DAMPING EWERGY-LOSS (10"ERGS/CYCLE) 


so wo 150 200 250 300 


damping energy loss per whole 
vibrating system, with high-tenacity 
various lengths being used. 


energy losses are substantially independent fre- 
quency the ranges covered. The mean energy 
losses are plotted against specimen lengths Figure 
3. The tests on the steel wire were more difficult to 
make with accuracy because the small forces 
involved and the difficulty reading 
amplitude resonance, which was very sharp with 
this material. Measurements were made with 
impressed force-amplitude 1,080 dynes and then 
with half of this force in order to secure more stable 
operation, The results are shown 
While mean energy losses for each specimen length 
were used plotting Figure values interpolated 
for single frequency (180 were 
since the energy-loss data seemed indi- 
cate the possibility this 
should noted that the the 
damping energy loss Figures and for the steel 
wire smaller factor about 100 than that 
for the 

The results the nylon qualitatively duplicate 
those obtained previously with cotton cord. Both 
sets data contirm the earlier deductions that (a) 
the loss the imen string 
proportional the length, the 
stretch-vibrometer itself absorbs sensible amount 
energy. 

Another point, interesting because enhances 
the credibility the method, that the graph for 
540 dynes Figure gives nearly one-fourth 
the energy loss any particular value does 
the graph for 1,080 required the 
relationship: 
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° 10 20 30 “0 so 60 n 
SPECIMEN LENGTH (L) (CM) 


DAMPING EWERGY-LOSS (10° ERGS/CYCLE) 


Linear dependence damping energy loss 
nylon specimen length; from data Figure 


This equation follows necessarily from equation 
and from the solution resonance, equa- 
tion (1). 

Results 
Comparison Dynamic and Static Properties 

Table are given the dynamic stretch moduli 
samples textiles, and steel wire, 
the order descending values the moduli. 
least three observations with vibrating 
masses and specimen lengths. uniform tensional 
load 2.0 kg. was applied all samples except the 
steel cord, which load was used. 

Loading and unloading curves (at least two loops) 
were obtained Scott incline-plane serigraph, 
Type the samples, after conditioning 
except that the steel wire cord, was For 
the and parallel strands 
were tested total cross-sectional areas 
equal those used the tests and, ac- 
cordingly, comparable those the tire cords. 
Values the static moduli the 
mean slope the loading and unloading curves 
the second loop are given Table for comparison 
with the corresponding dynamic 

It will be observed that for all samples except the 
steel monofil the ratio modulus 
(see Table substantially greater than unity. 
This may interpreted indicating that during 
the slow static loading, not plastic 
flow occurs, thus contributing observed 
modulus thus smaller than 
would were this contribution 
dynamic test, there insufficient time for the flow 
and orientation the molecules the filaments 
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<a 
% 40 ao 120 60 200 240 280 
RESONANT FREQUENCY (Ww. /2T) (CYCLES/SEC) 
Fic. damping energy loss per cycle with 


different lengths 6-mil steel music wire 
Two amplitudes impressed force were used with each 
length specimen. 


for the rearrangement and shift the fibers and 
filaments varns and cords before the applied force 
reversed. The more plastic the material, the 
greater the ratio dynamic static modulus. 
Thus for the steel for which, this static 
test, there was little opportunity for plastic flow, 
the ratio minimum, while for the newer svn- 


thetic organic filaments 


standard creep experiments, the maximum ratios 
are role plastic flow de- 
termining the ratios static moduli for 
comparing the ratios for Vinyon nylon, and 
ravon varns Table with the these yarns, 
depicted Figure this graph with 
ratio has the least creep, while Vinyon 
with ratio 2.41, has the greatest creep, nylon 
(ratio 2.04) being creep. 

Table are listed the internal 
many these samples, functions resonant 
frequency, were presented graphically Figure 
the previous publication the stretch-vibrom- 
eter The values are those interpolated 
two other resonant frequencies which observa- 
tions were actually tabulated are loss- 


unit strain-amplitude, and the dynamic energy loss 
per stress-amplitude, all derived from the 


and values given Tables and 


| 


| F* 540 OYNES 


DAMPING ENERGY-LOSS (ERGS /CYCLE) 


12 16 


8 20 
SPECIMEN LENGTH (L) (CM) 


2 26 


steel wire specimen length and amplitude impressed 
force; from data of Figure 4. 


Included Table are the energy losses 
stress- 
The 


former was calculated from the area the second 


amplitude for the strictly textile samples. 


hysteresis loop the serigraph chart the particu- 
lar sample, using the formula: 


ergs, 


where 2.26 the number ergs represented 
each square inch the chart; the area 
loop (in.*); the mean unloaded length 
specimen for the second loop; the mean 
elongation full loading during the second 
and are the initial area and length the 
specimen, respec tively. 

The static loss per stress-amplitude was 
obtained from the expression: 


loss per unit strain-amplitude 


where the static modulus given 
the same loop, listed Table 

will seen that not only are the and 
static energy losses, either basis, general, 
different orders magnitude but they also assume 
With the excep- 
tion those for one two samples, the data based 


ranks corresponding 


unit stress-amplitude show tendency correla- 
tion between the groups low values and those 
stressing the static experiment would improve the 
correlation data some the poorly oriented 
filaments. general, however, the static energy 


losses are not reliable indicators relative 
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(TEMPERATURE RANGE: 
Stretch modulus Ratio Static 
sample sectional Dynamic Static static specimen 

Steel Monofil; 6-mil 0.00018 213 203 1.05 112.8 
i Steel 6 & 3 & .OOS58-in. core 0036 106 &3 1.28 &.1 
3 Fiberglas 7-ply cord 0026 53.9 26.2 2.06 7.8 

Ramie 3-ply cord 31.9 22.2 1.44 11.3 
Ravon (viscose) varn strands) 19.7 10.6 12.7 
pee Fiber \ (du Pont) 300-den. yarn (6 strands) O17 16.4 6.1 2.69 11.9 
Ravon (viscose) 1,100) 2 cord OLS 15.2 74 2.06 11.3 
Vinyon varn; Type 0016 10.6 2.41 12.7 
{. (6 strands) 
Cotton 11.4, 2 cord 0032 10.2 4.6 2.22 64 
Nylon 210-den. varn (9 strands) O18 98 4.8 2.04 14.3 
Nylon (high-tenacity) strands) 4.3 1.86 8.5 
: Velon Monofil (3 strands) 0021 64 2.3 2.78 9.7 
Pe Nvlon Monofil; 12-mil (3 strands) 0020 6.0 2.6 2.31 10.1 
losses observed the present stretch-vibrometer noted roughly constant for 
method. Scatter diagrams are shown Figure particular has been Gemonstrated 


graphically demonstrating the lack thoroughly with cotton cord and 
between energy losses statically over the frequency range emploved 
those determined dynamically. the present work, the modulus independent 

The loss-angle tangent would frequency. How well this expectation 
vary only slightly with has been filled the present results shown Table 


Dynamic properties at 180 ¢.p.s. Static 
Energy loss Energy loss 
Per unit Per unit 
stress stress- 
Internal Loss-angle strain ergs strain- (10 © ergs 
friction tangent amplitude cvcle em. amplitude cycle cm. 
Steel 6-mil 6.2 2.22 0.0048 small) 
Fiberglas 7-ply cord 11.3 4.00 (immeasurably 
Ramie 3-pli cord 027 2.66 .26 0.012 
Rayon 1,100-den. varn (2 strands) 4.9 O28 1.74 A5 O88 O77 
(du Pont) 
Ravor 1,100 2 cord 4.0 O30 1.42 .62 90 .162 
Fiber V 75, 16/2 cord | 032 1.10 .92 061 .150 
(du Pont) 
(6 strands) 
7 Cotton 11,4 2 cord 5.2 ASS 1.85 1.78 O57 275 
Nylon cord 0.82 1.08 036 .239 
Nylon Monotil; high-tenacits 2:3 033 0.82 1.28 O38 276 
(2 strands) 
Velon Monofil (3 strands) 10.0 176 3.55 8.66 O33 604 
Nylon Monofil; 12-mil strands) 0.96 2.67 
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NYLON: 210- DEN. YARN 


INCREMENT (PERCENT) 


ELONGATION 


po 


a-* VISCOSE RAYON: 1100-O08N YARN 


0 100 
Time (MINUTES) 


with uniform loads 3.78 (5,380 


tangents our samples are will 
seen that the loss-angle tangent tends remain 
near constant value but that only few cases 
are the results concordant, with the that 
exact constant. general, however, 
the range loss-angle values much 
smaller proportionately than the frequency range. 
should noted that the extremes the fre- 
quency and loss-angle tangent ranges are not 
coincident, that from these data the systematic 
increase decrease the loss-angle tangent with 


frequency cannot deduced. 


Reproducibility 


cord, successively mounted stretch-vibrom- 


Corps, YARNS, AND RESULTING 
FROM VARIATIONS RESONANT FREQUENCY AND 
OrHeER EXPERIMENTAL CONDITIONS 


Range of 
Frequency range — loss-angle 
Sample tangent 
0262-0298 
0250-0291 
259-0303 
0607-0647 
0297-0310 


Steel monotil; 6-mil 
Fiberglas cord 
Ramie cord 


we 


Rayon, 1,100-den. yarn 

Fiber (du Pont) yarn 105 
Ravon, 1,100 2 cord gy 
Fiber V (du Pont) cord 95 276-0298 
Cotton cord LOS 06985 
Nylon cord 0262-0287 


tw 


DYNAMIC VS. STATIC ENERGY LOSSES PER UNIT 
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VELON MONOF 


NYLON 
MONOFIL 


TON CORO 


DYNAMIC 


NYLON MONOFIL 
NYLON YARN © FIBER A YARN 


VINYON N YARN 
* NYLON CORO 
IBER V CORD « 


* RAYON CORD 
RAYON YARN 


Ramie 
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STATIC 


DYNAMIC VS. STATIC ENERGY LOSSES PER UNIT 


* VELON MONOFIL 


FIBER A YARN’ 


FRAMIE CORDe 


OYNAMIC 


or 
COTTON CORD + * RAYON YARN 


Lal 
GORD VINYON YARN 
NYLON YARN « * FIBER V CORO 
* NYLON MONOFIL 
NYLON NYLON MONOFIL 


os 
STATIC 


Fic. Comparison energy losses obtained from 


dynamic measurements with those obtained 
method employing the incline-plane tester. 


eter. The variation here could due conceiv- 


ably variations experimental technique well 


ever, Measurements repeated single specimens 
mounted the apparatus are reproducible the 


Tire Corp (Mran Freouvency: 136.8 C.P.S.) 


Dynamic Coethcient of 
modulus internal 
(10" friction 
dynes (10° poises) 
Individual observations 
4.81 
4.88 
1.86 
4.86 
\verage value 3. 4.84 
Standard deviation 0.0376 
Coethcient of variation (‘,) 8 0.78 
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INTERNAL FRICTION 


COEFFICIENT OF 


° 50 100 150 200 250 300 
RESONANT FREQUENCY (w./2T) (CYCLES / SEC) 


nylon monofl, showing strong dependence on resonant 


frequency, for different specimen lengths. 


limits precision observation, the evidence in- 
clines toward the conclusion that most the varia- 
the sample 

From the data Table IV, energy loss unit 
Comparing these results with for 
despite differences sample construction 
frequency measurement, the energy-loss values 
for ravon cords lie within 
narrow ranee. 


Temperature Rise Cotton Cord During 
urements 


The experiments the stretch-vibrometer have 
losses, according theory. Considera- 
tions energy conservation indicate these 
losses represent generated thermal energy, but 
the regular use the vibrometer. Because the 
nature the test specimens reasonably accurate 
measurement quantity evolved heat feasible. 
The evolution heat the vibrometer slow 
that the conditions are nearly isothermal. was 
recognized, however, that small rise 
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ture might occur test cord varn, since textile 
materials are not good heat conductors. 

determine whether the observed loss me- 
chanical energy (hysteresis), converted thermal 
energy, was detectable temperature rise, meas- 
urements were made means iron-constantan 
thermocouple inserted between the plies 
cotton tine wires (No. gage) 
ploved (2,033 tension, impressed 
force), with strain-amplitude 0.084 percent. 

Under these conditions temperature 
0.3°C was reached than minute and was 
held for corresponding temperature 
drop was found upon cessation operation. 

The temperature rise only 0.3°C the cotton 
cord this experiment indicates that the thermal 
was not entering relevant variable the 
estimated smaller than that tire cord 
with the specimens the vibrometer exposed ait 
(promoting near-isothermal conditions 
the heat losses would expected greater than 
they would tire, where the cords are im- 
bedded in poorly conducting rubber. In spite of 
the rather negligible temperature rise observed 
this experiment, full consideration all the factors 
leaves open the that, because cumula- 
tive effects, significant contribution may made 
the fabrics heat build-up 


Internal Friction Nylon and Steel 
The considerable amount data obtained the 

and steel wire verifving the instrumental- 


® ° 


INTERNAL FRICTION (ys) (0* POISES) 


4 

6 

3 so 00 , 200 
FESONANT FREQUENCY (Ww, /2 7) (CYCLES /SEC) 


showing frequency dependence; two amplitudes im- 
pressed force F were used. 
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AND OTHER PROPERTIES 


Property Slashed 
General rayon rayon 
Dynamic Stretch modulus (10" dynes) cm.*) 13.8 16.4 
(207-217 c.p.s.; 24°C, 55‘, Energy loss 
2,940 load) per strain-amplitude 1.34 1.50 
ergs evele em.) 
per 0.70 0.56 
(10 ergs 
Creep increment 
(140°C; 2.268 static load 0.2 to 10 min. 1.20 0.74 
0.2 100 min. 2.00 1.15 
0.2 to 1,000 min. ) 2.60 1.50 
Lensile Conditioned (24°C, 55°, R.H.) 
Breaking load (lb.) 31.2 41.1 
Oven-dried 
Breaking load (lb.) 35.7 35.2 
Elongation at 30 Ib. 11.5 7.5 


going section, provided the means examining 
detail the dependence the coethcient internal 
friction upon resonant frequency, for 
Figures and are plotted the 
cients internal friction the steel 
experimental points for the very 
the hyperbotic law relating internal 
friction and Figure the points are 
more those for force-amplitude 1,080 
dynes tending form one locus, and those for 540 
dynes tending form condition, 
well the fact that Figure the graph for 
would dictate, would appear indicate* that the 
mean observed values the displacement-ampli- 
1,080 
too small, for exact concordance with theory. 


slightly too large, when 


Studies with the 

(a) Table are compared the dynamic prop- 
erties tire cord, the manufacture 
which the process omitted, 
with those of a slashed control cord from the same 
Also included Table are data 
creep and conventional 

The modulus and conditioned breaking load the control 


that the original varns these cords were not 
regular type 


recognized orienting process, pro- 
duces stiffer cord shown the higher modulus 
of the slashed cord, even under a 3-kg. (63-Ib.) load. 
Because the unslashed rayon softer more com- 
the internal friction not sufficiently good the 
unslashed cord, the more active working results 
heat generation, implied the fact 
that for the unslashed cord the energy loss, unit 
stress-amplitude over percent higher than for 
the slashed cord. The increased stiffness or rigidits 
the slashed cord retlected also the reduction 
its creep rate and its 
tensile tests. 


VI DyNawic PROPERTIES oF RAW Rayon 
FROM VARIOUS SUPPLIERS 
(Static TENs1on: 2.94 kg.) 


Dynamic Coetticient 


Cross- modulus of internal 
sectional (10 friction 
area dynes (108 
Suppher Construction (em.*) em.) potses) 
Il 2200, 2 00340 14.6 4.59 
| 1100/2,/2 00354 13.1 


| 
| 
| 
| 
| 
| 
| | 
Ow 
| 
| 
| 
| 
| 
4 
Hat 


132 


COMPARISON OF DYNAMIC 


Dynamic 


stretch 
modulus 
Description sample dynes 
Steel music wire monofil; 6-mil 226 
cross section 
Viscose varn; 19.7 
2 strands; 0.0016 cm cross section 
Silk sewing thread; approx. 210 15.6 
Wool varn; approx 5.2 


4,100 
Natural rubber golf-ball thread; 
900°, elongation 


struction from four suppliers were compared the 
basis dynamic preperties, with the results shown 
Table 


the differences Table are real, and that 


the basis the uniformity test 


different lots ravon cord which are presumably 
believed, however, the basis other 
tional evidence, that differences just large are 
found between different lots from the same supplier. 

One the most recent accomplishments 
the development the stretch-vibrometer method 
has been technique adapting measurements 
Table 
stretch- 


the 
vibrometer natural rubber thread are given, 


along with those other filamentous materials 
longitudinal-vibration experiment steel 
used mechanically driven apparatus. 
How well viscose functions artificial 
silk (its original role) indicated roughly com- 
parison the moduli and energy losses 
the two materials. The low value the 
the wool varn Table supports the 
idea that, the region small deformations, wool 


behaves as a rubber. 
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Diverse 


loss 


Per unit 
Per unit stress- 


strain- amplitude 
of internal amplitude (10 © ergs 
friction ergs evcle 
(10° poises) (cycles sec.) evele om.) (dynes em.?)*) 
10.0 128 0.0056 
4.9 180 1.74 
257 185 1.50 0.62 
21.6 110 0.74 2.76 
O.74 605 0.09 2.10 
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Appendix 


Theoretical Model and Electrical Analog 
the Vibrometer System 


clearer understanding the the 
experiments and results the 
mechanical model which represents the vibrating 


system. outline the 


this 


model and electrical circuit also will inter- 
est, for the many electrical quanti- 
ties are more familiar physical scientists than are 
mechanical 


their 


present discussion, the significance of the loss tan- 


counterparts. 
loss, will brought out the electrical approach. 
The electrical analogy has further because 
the possibility that corresponding mechanical and 
electrical properties are the 
molecular level and are simply observed 


manifestations 


same process. 
The range which these relationships 
are likely much above that 


the present experiments. 
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note that the terms the left-hand side 
the equation motion, equation (1), 
separated into the reaction the vi- 


brating element, and the structural forces 


The latter, representing the dynamic response 
the test specimen, contains the quantities which 
sion, the instrumental damping, 
which have found substantially zero, 
neglected. The structural forces are seen to be 
those Voigt model, shown Figure 
should be noted, however, that while the Voigt 
model and the structural terms equation (1) are 
good conformity with each other, they are simpli- 
hed representations the combination numerous 
mechanical which the high polymeric 
approximation the perfect representation would 
given ensemble various models and 
inertial with distribution values 
are derived the present method are re- 
With this limitation 


the significance the parameters, their inter- 


garded effective averages. 


pretation with the aid the electrical analogies may 
be considered. 

well-known rule analogy me- 
coupling elastic and viscous the Voigt 
model transforms into the series coupling 
sistance and capacitance electrical circuit, 
when the variables are 
displacement and electrical charge, 
respectively The electrical circuit 
corresponding 
The circuit contains inductance 


well resistance and capacitance, 


Internal ; 
and the complete voltage relation- 
2 
Applied | 
ime 
+ 
Vcos wt Loes — angle tangent 
10. mechanical model 


vibrometer system, with equivalent 
electrical network. 
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reference the table analogs Figure 10, 
will seen that this equation completely analo- 
gous equation (1), for 

good approximation for usual, small values 
the current (rate charge displace- 
If, however, 
the circuit contained inductance, consisting only 


ment) and the voltage are phase. 


the and part Figure 10, could never 
brought to resonance. The current would lead the 
voltage phase degree, depending upon 
the resistance the circuit and the frequency. 
The phase-angle tangent for this case 1s 


tan (10) 


perfect condenser having dielectric losses 

will seen that increases the angle lead 


decreases, and thus the amount which 
decreases below 90° may taken measure 
the dielectric ohmic losses in the condenser, and 
the resistance the connections and remainder 
the circuit, all represented 

loss phase displacement 


Hence, the angle 
and 
the loss-angle tangent 


tan (11) 


inductive circuit, the phase displacement 
which tends to arise because of ohmic losses in the 
section offset the effect the 
so that the net phase displacement ceases to be a 
However, the 
quantities and are known, the loss tangent 


measure energy dissipation. 


MECHANICAL 
QUANTITY 


ELECTRICAL 
ANALOG 


Displacement, s Charge, Q 


F cos wt > 
fverse capacity, 
tf 
Elastance (Karapetott) 
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calculated equation (11), even though the 
computed quantity has physical counterpart 
the particular experiment. quantity will 
have real significance measure 
energy dissipation. 

mechanical experiments, have taken 


and the applied force are 


phase, while the displacement lags behind 


rate displacement 


phase angle equation (1) can seen, 
considering its function equation, 
represent the amount which the displacement 


rather than the rate displacement, lags behind 


phase. The phase-angle tangent 


qma*’ 


— 


tan (12) 


The phase angle defined used above for 
the mechanical.case, differs from 
the mechanical problem the phase angle refers 
the lag the dependent variable (in the original 
equation motion), whereas the electrical case 
phase angle has been accepted mean the lag 
the time-rate change the dependent variable 
behind the force For these reasons tan 
equation (12) the inverse its electrical 


WwW 


The loss-angle tangent for the mechanical prob- 


analog, 


lem, derived analogy with the electrical case, 


tan (13) 
will seen that omitting the inertial term 
equation (12) the phase-angle tangent and 
the loss-angle tangent the mechanical case become 

non-inertial mechanical such that 
represented the Voigt model alone, the loss-angle 
represents the amount which the displacement 
would lag behind the impressed force account 
internal friction, represented one goes 
from one material another with increasing values 


*In both the mechanical and electrical expressions given 
here for resonant frequency a term arising from dissipative 
effects, having very small value, has been neglected. 
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of Ms but the same E, tan @ and tan ra) increase for a 
given frequency. This implies increase the 
angle the other hand, increases the 
value reduce the loss angle; the elastic force 
tends contribute toward overcoming the viscous 
resistance and bringing the displacement into phase 
with the impressed force. 

Equation (13) indicates that the time, 
originally applied static experiments, related 
materials having high relaxation times the displace- 
ment will lag farther behind the 
(In the Voigt model, the simple capacitative- 
resistance circuit, resonant condition can at- 
tained, and, accordingly, such 90° lag 
displacement behind force does not represent the 
most efficient Operation. 

The angle loss, equation (13), has 
been used Kosten [6] and others express re- 
referred shear, has been Dillon, 
and Hall the hysteresis 
Nolle has used the term 
for although this unfortunate, for 
their product nearly constant, and sensibly 
independent frequency. Hence the quotient 
pendent index the hysteretic losses other high 
polymers well textile materials. 

equation (4) the energy loss has been 


This quantity represents the area ellipse 
having orthogonal half-axes and for, gen- 
eral, the area ellipse given where 
and are semi-axes. Such figure would de- 
tory motion which cos out phase with 
90°. 


observation made above regarding the phase rela- 


This deduction conformity with the 
the geometry the stress-strain diagram, 
can concluded that the hysteresis loop sub- 
stantially with major and minor axes 


q 
a 
bike 
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Announcement 


expand its service the industry including papers which deal with sub- 
jects interest textile engineers and others who are. engaged 
research, reports are appear the JOURNAL section titled 
the 

Articles will reviewed competent referees and will accepted only thes 
meet high editorial standard. must authoritative and will 
judged according their usefulness and permanent reference value. 

the April issue the new section will include important titled 
and report was prepared George Buck, 
and Frank MeCord, Technical Service Director and Market Research 
Director, respectively, the National Cotton Council 
comprehensive study the present status crease-resistance, intended assist 
those who may interested developing, through research, new crease-resistant 
treatments for Part deals with potential Part 
nical which the major portion the paper, covers the following 
subjects: (1) Definitions; (2) Fiber Structure; (3) Fabric Construction; (4) Crease- 
Resistant Finishes; (5) Test Methods; (6) Topics for Research; and (7) Literature 
Sources, consisting 165 references. 

Papers the following subjects will appear early issues: method for easier 
grade determination measurement wool top; rapid stroboscopic method 
for the study production looms; determination inertia rolls 
repeatability and tolerances laboratory spinning techniques; and study 
the causes end breakages spinning. 
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Experimental and Theoretical Study the 
Adsorption and Swelling Isotherms 


JOURNAL 


Human Hair Water 


Howard White, 


and Paul 


Contribution The Textile Foundation and The Frick Chemical Laboratory, 


Abstract 


Quantitative data the length and diameter changes accompanying the adsorption water 


Princeton University, Princeton, New 


human hair are given functions the relative are also given the 
load the swelling isotherms. theoretical treatment proposed which accounts 


semi-quantitative way for the swelling isotherms 


adsorption isotherm. 


several attempts have been made 
interpret the water adsorption isotherms or- 
ganic fibrous materials quantitatively 14, 
These differ widely physical 
assumptions and approximations involved 
derivation the isotherm. each rea- 
sonably successful the fitting experimental iso- 
therefore, that the adsorption isotherm alone not 
sufficiently critical test theoretical 

Additional data available are, for the most part, 
heats and entropies wetting. are valuable 
but are closely related to, often even derived 
from, the isotherm, and not constitute enough 
supplementary evidence determine the unique- 
ness the proper physical assumptions. 

Since swelling always accompanies the adsorption 
water the class substances considered here, 
effort obtain more information about the adsorp- 
tion mechanism. The most direct way this 
This has been done before (see, 
for example, the work Collins [9]) but always 
with common textile fibers, such cotton 
There are disadvantages the use these tibers 
sections make them poor subjects 
this reason, most the data 

This paper based work performed under Contract 
No. W36-039-sc-32090 between The Textile Foundation and 
the Signal Corps, Army. 

+ Senior Chemist, The Textile Foundation, Princeton, N. J. 

Fellow the Textile Research Institute, Princeton, 


and the tension well for the 


However, often 


taken them qualitative. 


possible find large fiber nearly circular cross 
section which chemically very similar com- 
studied quantitatively with The 
effects tension swelling are also interesting and 
important and readily lend themselves study 
microscopic techniques. 

Data are presented here the length and diam- 
eter changes human hair, which chemically 
similar wool, under small constant load and 
under theoretical treatment given 
which, under certain conditions, capable inter- 
preting the swelling isotherms and the 
tension well the adsorption isotherm. 


Experimental Procedure 


general, the experimental procedure used for 
swelling consisted mounting fiber small 
rectangular cell under tension supplied spring. 
The cell was humidified steady tlow air 
which passed through towers containing sulfuric 
acid known specific The length and 
functions the relative humidity 
The measurements were made with microscope 
equipped with Specifi- 
cally, the experimental conditions were follows: 


Preparation the Sample 


The hairs were blonde obtained 
through the courtesy the Friez Instrument Divi- 
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sion the Bendix Aviation Company. They were 
extracted with alcohol and ether, washed water, 
and air-dried after the method Grundmann [13 
effort was made select samples with 
This was done 
mounting fibers micromanipulator that 
they could turned through 360° and diameters 


round cross section 


measured frequently with the help microscope 
with micrometer hairs used were 


about denier. The selected sample 


mounted the conditioning cell. 


Mounting 


Hooks were fastened at both ends of the sample. 
hook consisted two pieces sheet phosphor 
The 
two pieces were held together by a single screw (size 
0-80) and was found that, the was near 
the screw, slipping the hook 
After the 


hooks were fastened, the fiber was wetted dis- 


bronze, one piece having hook one end. 


hooks weighed less than 0.1 each. 


tilled water remove any residual strains resulting 
from handling and then was mounted the cell. 
Dry-length and -diameter measurements were ob- 
tained passing air dried passage through mag- 
nesium perchlorate over the fiber. 


Cell and Microscope 
The 


was used horizontal position except the 


The cell shown Figure top view. 


case hair under tension, will mentioned 
later. The sides (a) the cell are brass or, the 
case earlier cell, sealing wax. The top and 
hook was 


mounted one end opposite hole the other. 


bottom (b) are microscope slides. 


The was mounted hooks, one which was 
linked the hook, the other the spring (d). 
approximately from the hook refer- 
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ence mark (e) was attached the was 
either small piece Khotinsky cement 
small clamp the same material the end clamps. 
The spring was mounted movable collar 
which can adjusted screw (g) which runs 
through fixed collar Scratches (7) were made 
on the top microscope slide to give reference points 
The humidified air en- 
tered through tube (7) and left hole 


for length measurements. 


Humidity Control 

The humidity was controlled sweeping the cell 
with air passed through trains acid 
bottles, except relative humidity when 
water was used, and relative humidity when 
towers concentrated sulfuric acid and magnesium 
perchlorate were bottles and Milligan 
gas washing tower were used for each humidity. 
The rate flow was about 300 min. 

The specific gravities the sulfuric acid solutions 
were used determining the relative humidities 
produced and were checked from time time 
assure constant relative humidity. 

The air passing through the cell was proved 
the desired humidity experiment which 
The tube 
was then weighed and the known amount water 
the known volume air agreed with the theo- 


chlorate and then through meter. 


retical value. Some extended experiments low 
relative humidities proved back-diffusion water 


vapor from the mouth the cell problem. 


Control 

The experiments were conducted at room tem- 
perature without thermostatting. 


Control 

The tension the fiber was controlled means 
calibrated springs. The springs were chosen 
that any slight elongation the fiber would produce 
negligible change the tension. 
clongations were set visually against a steel scale. 
This system, unfortunately, did not give all the 
accuracy which might desired. error the 


chosen minimize creep the fiber during 


tensions about The tensions were all 


the course the 


Diameter and Length Measurements 


Measurements were made with 12.5 microm- 


eter evepiece used with objective. The 


7 
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The adsorption cell. 
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CHAMBERLAIN AND SPEAKMAN 
——° ADSORPTION 


Fic. The change diameter with change rela 
humidity taken data with experimental 


tive humidity human hatr under and gram 


adsorption isotherms. 


0.024 


| GRAM (AFTER 2) 


TENSION 
GRAMS (AFTER 5) 


ADSORPTION 
DESORPTION 


The change length with change relative 
humidity human hair under tension and gram Fic. Changes diameter with changes relative 


humidity human under various tensions. 
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0.01 
ADSORPTION 


DESORPTION 
+ ADSORPTION 
DESORPTION 


10 


Fic. isotherms derived from swelling 


ic: 6: ( hanges in length with changes in relative data fo h ? hair u nder varltous nstons: (I ) gram 
humidity human hair under various tensions: (1) gram ston, (2) grams nsion, (3) grams tension 
tension, (2) grams tension after gram, (3) grams ten grams, (4) gram tension after grams. 


sion after grams, (4) gram tenston after grams. 


equally spaced positions. Two complete sets 
diameter readings were taken for each determina- 
tion order render unlikely that serious ob- 
064 067 112 


individual position. essential that the indi- 124 0206 


servational recording error had been made any 


points for each series measurements. com- length 


Tension 1 gram Tension = § grams Tension = 2 grams Tension = 
AD AL AD AL AD AL AD AL 
dD dD, L a dD L D 

O29) O13 0042 0162 030 0026 
O75 O107 12% O31 O108 O45 0638 69 0066 
101 O121 049 0846 O55 0077 ORS 
O14) ; OSS 0146 147 O97 O08 1 150 125 090 
109 121 O58 O87 
O84 0106 O45 O116 0782 0436 0049 0574 071 0053 
O40 0067 081 0242 026 0009 0286 030 
003 000 002 O05 0011 000 O12 
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plications appeared attempting measure the 
diameter fibers. The fibers had 
cross section, usually approaching ellipse. 
the conditions tension and humidity were 
changed there was rotation the cross 
section hair was not uniform along the fiber but, 
any angle observation, representative number 
major, minor, and intermediate axes presented 
themselves. Thus, rotation caused change 
the average diameter determined. Length meas- 
urements were made focusing first the hooks 
holding the and then the reference marks 
on the cover glass. The evepiece allowed repro- 
ducible readings within +0.0001 

to obtain a value for the standard deviation of the 
mean the measurements. The 
standard deviation the length measurements can- 
not determined statistically but upper limit 
can for this error. following formula 
for combining errors used determine the error 
the square the diameter which then used 
obtain the error the volume: 

where the average diameter and its corre- 
dD is not Very large. A more accurate method 
would involve the use logarithms combine the 
errors. The two methods give identical results 
was found that the error length meas- 
error the volume. 

typical value obtained for the standard devia- 
tion the volume for hair was value 
was considerable variation, depending 
upon the roundness the hair chosen. 

The symbols used denote experimental points 
indicating twice the standard deviation the case 
diameter and length measurements. indi- 
cates the significance the separation various 
points. 


Equilibrium 

points are given, however, which were taken less 
than worth pointing out the differ- 
ence between the rates for single fibers and for bulk 
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samples which are notoriously slow reaching equi- 
librium. Apparently, the diffusion into the bulk 
sample slow, quite apart from diffusion into the 
fiber proper. 


Experiments Under Tension 

Data are also given for fibers under tension. 
These are taken the same for the tensioned 
fibers except that only one end short (1.5-cm. 
sample clamped and the cell mounted vertically 
instead horizontally. 


Experimental Results 


The experimental results are summarized 
ures and Tables Three types data are 
given: diametral swelling isotherms, longitudinal 
swelling isotherms, and adsorption isotherms de- 
rived from swelling isotherms. The adsorption iso- 
therms are derived the assumption that each 
water molecule contributes its usual molecular vol- 
ume swelling the such, the amount 
adsorbed equal the product the ratio the 
volume change the initial volume 
ratio the densities water and the dry tibers. 
The value used for hair was 1.32, 
which the value for wool 


This gives a, the 
amount adsorbed, regain, grams water per 
drv 

Figures 2-4 and Table give data for hair under 
load and under 1-gram The samples are 
consecutive sections the same hair. 

Figures 5-7 and Table give results for single 

There are several interesting features these 
data: 

All the curves show large low 
relative humidities, indicating that swelling im- 
portant from the start the process. 
Condensation adsorption extensive internal 
surfaces without swelling not present. 

The large changes the curves for the dia- 
metral change and the regains high relative hu- 
midities (remembering that the regain used here 
directly related the volume change) indicate 
there extensive permanent capillaries 
since condensation into permanent capillaries would 
accomplished without swelling. Furthermore, 
the calculations Barkas make unlikely that 
collapsing capillaries any considerable size exist 
substances having moduli rigidity the order 
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nection with capillaries, should mentioned that 
hairs with lumina were not used. 

Figure the adsorption isotherm derived 
tension compared with one given Chamberlain 
and Speakman [8] and with original data.* 
original adsorption data and swelling 
taken portions the same sample. 
Both the adsorption isotherms were obtained 
conventional weighing methods. 

The assumption that every 
contributes the swelling seems justifiable 
The 


scopic density fiber is, strictly speaking, unde- 


that the use 1.32 for the density hair might 
questioned, might the use the bulk density 
water. However, small changes these values 
would alter the end result only slightly. 

The derived regain isotherm lies below the experi- 
mental ones the humidities. 
The differences between the two curves for the same 
hair are practically These small differ- 
ences are probably attributable differences 
taining high humidities without condensation, espe- 
cially with bulk samples, are well 
tion, has been pointed out 
Williams 


small capillaries capable taking water pres- 


Urquhart and 
the bulk sample supplies system 


sures below saturation. 

However, one further fact must mentioned. 
The data presented compare the properties of an 
individual hair with data bulk sample. Some 
other hairs have shown lower derived regain iso- 
non-additivity volumes the rule 
rather than the exception with fibrous materials 
probable that small indeterminate error 
being introduced here. 

comparison the isotherms for the change 
diameter with those for the change length (see 


and shows that they not only differ 


magnitude but also shape. This suggests that 
the anisotropic effects are more than just matter 
degree and indicate fundamental difference 


the swelling and hence the amount adsorbed 


are indebied Mr. 


who obtained these data. 


\mron and Mr. Barnard, 


the 


given relative 
crease tension are particularly 
diametral changes. 

Finally, evident that hysteretic effects 
occur, usual with this type material. The 
hysteresis can seen the difference between the 
adsorption and desorption curves. the differ- 
ence between the isotherms for hair with 1-gram 
load before and after 5-gram load form 
hysteresis. 


Discussion Previous Theories 


The foundation for the quantitative interpreta- 
tion sigmoid adsorption isotherms lies the 
adsorption picture Emmett, 
and Teller The Brunauer-Emmett-Teller iso- 
therm was originally derived detailed con- 
sideration the rates condensation and evapora- 
The 


surface was assumed capable being covered 


bound strongly bonding sites, molecules could 
condense form weakly bound 
molecules were assumed state thermo- 
dynamically similar that liquid water. 

Many variants this concept exist but all are 
based the same fundamental exist 
simultaneously sites of strong and weak bonding on 
the variations are concerned with 
the dependence the number weak bonding sites 
upon the number strong bonding sites, with how 
the configurational entropy from the weak bonding 
sites should determined, and with the heat and 
entropy bonding the weak sites. 
References [5, are concerned with varia- 
tions designed specifically apply fibrous ma- 
tioned: Dole [10] and Barrer 
ments but not apply them. 


The specific set equations derived Brunauer, 
Emmett, and Teller have been great utility be- 
cause their simplicity form. However, two 
major objections prevent their direct use for fibrous 
materials: First, the equations were originally de- 
rived for adsorption surface only, whereas ad- 
sorption of water occurs throughout the bulk of 


assumes that the fiber-water system incompressible. 
Rough experiments measuring regain under tension directly 
have been made while this paper was indicate 
possible compression under work needed 


resolve this point 
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fibrous materials. Secondly, the equations were 
derived postulating change the physical state 
the adsorbent. 

possible, course, postulate large, in- 
ternal surface However, experimental 
evidence, some which has been given earlier 
this paper, against the existence such surface 
which the conventional sense discrete inter- 
face between solid and bulk liquid gaseous 
the most direct evidence against 
Blaine 


who showed that adsorption isotherms for 
liquid-air temperatures led surface areas 


internal surface that Rowen and 


the same order magnitude given 
scopic estimates based the external surface. 

The work Hill [19] and Cassie [7] has furn- 
ished the solution of the first problem since they 
have shown, deriving the multilaver adsorption 
equations statistical mechanical methods, that 
the form the equations not changed general- 
izing from sites strong bonding two dimensions 
sites strong bonding three dimensions the 
other assumptions are kept. 

The differences between the theories mentioned 
lie primarily the methods treating the second 
problem—the physical changes the adsorbent 
varving the heats and entropies the weakly 
bonded molecules, which allied problem. 

The theoretical treatments may 
three groups according the mode approach: 
(1) Dole, (2) Cassie, and White and (3) 
Hailwood and Horrobin, and Barrer. 

Dole has used the formal approach Hill [19 
therms based the Brunauer, Emmett, and Teller 
picture. The same dependence number 
weak bonding sites number strong bonding 
sites and the same configurational entropy are used. 
However, the generalizations provide for the heat 
adsorption the weakly bonded molecules 
ing according the distance from the strong bond- 
ing site and for some interaction between adjacent 
Dole states that 
specifically considers which the physical 


molecules the same laver. 


However, 
entropy change caused the swelling 
the structure of the adsorbent will be reflected by a 
corresponding change the total heat entropy 


state the adsorbent does not change. 


Thus, the changes 
make hole for molecule would cause changes 
the free adsorption that molecule. 
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this extent least, equations can applied 
swelling adsorbents. However, mathematical 
complexities various simple progressions 
the relationships between the heats adsorption 
successive lavers, which can solved give 
usable fundamental physical postu- 
lates underlying these progressions are obscured and 
the use isotherm derived, other than 
empirical way, impaired. 

The theories Cassie [5, and White and 
ring [29] both attempt account for the changes 
the adsorbent directly. 
changes assumed purely heat changes, caused 


Cassie attempts calculate 
the extension the adsorbent, making use 
the work Barkas [1, and Warburton 
Barkas and Warburton make use the classical 
pressure changes within anisotropic elastic 
inder caused deformation terms the moduli, 
and the 


This assumes that swelling water and 


evlinder. 
the sum the various corresponding external defor- 
The heat 
term thus deduced then 


mations require the same energy change. 
correct the free energy (or pressure ) of the experi- 
mental isotherm and vive the so-called “stress-free” 
isotherm, which then treated the simple 

This treatment the swelling term exact 
far the swelling substance can treated 
elastic body. However, the equations developed 
for the swelling term are equations ap- 
plicable infinitesimal swelling changes the 
tem speaking, 
moduli, ete., should determined for small 


considered. 
ences regain and the energy swelling for finite 
Thus, 
vreat amount data needed evaluate success- 


change obtained graphical integration. 


fully all the moduli, needed calculate the 
swelling assumptions and approxi- 
mations the nature the swelling network 
must made, also, derive working swelling 
equation. 

White and Eyring attempted evaluate the 
swelling free the adsorbent terms the 
partition function network assumed 
have the same over-all mechanical properties 
the adsorbent. 
B.E.T. theory was then the introduc- 
tion this term. 


The free energy equation for the 


The success this method ob- 
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viously depends upon, among other things, the 
correspondence the assumed network with the 
actual structure. The 
cussed White and Eyring were the isotropic net- 
work entropy springs familiar the case 
rubber and network rods held together 
springs and capable two-dimensional isotropic 
swelling. These are undoubtedly poor approxima- 
tions actual fiber, and the assumption and 
evaluation entirely satisfactory network are 
How- 
ever, there appear certain merits this ap- 
the partial success the kinetic theory rubber, 


difficult and, present, unsolved problems. 


that the mechanical properties 
stances can expressed terms relatively few 
molecular constants and that the influences 
these properties substances such water can 
evaluated the reactions involved. 
Second, because its unity and simplicity, the par- 
tition function approach, specifically including the 
adsorbent proper, offers perhaps 
for testing various possible physical assumptions 
than does approach. 

this connection, may well emphasize 
the connection between the two approaches far 
swelling considers the addi- 
tion each water molecule system composed 
the adsorbent and all previously adsorbed water 
molecules. Cassie and White and Eyring consider 
the expansion the adsorbent its final dimen- 
sions and the subsequent addition water without 
swelling. The two methods merely approach the 
change state alternate paths and hence are 
undistinguishable from the standpoint free energy 
change involved except for utility calculation. 

The final mode approach that Hailwood 
and Horrobin [14] and Barrer authors 
consider the strong and weak types adsorption 
sidered occur with large heat change 
definite number sites. The weak adsorption 
considered occur simultaneously and independ- 
ently and caused increase entropy 
resulting from the mixing water molecules and 
Hailwood and 
Horrobin use law express the solubility 


segments adsorbent molecules. 


water the adsorbent for the weakly bonded 
molecules. This approach implies ideal mixing 
which not expected the polymeric 


tems which are dealt with here. For this reason 
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points out, treatments accounting for deviations 


their treatment open criticism. 


from ideal mixing when heat effects are not too 
important are known and have been applied the 
swelling rubbers non-polar liquids 
Barrer suggests the same picture Hailwood 
and Horrobin except that this treatment used 
for the mixing term. 

The importance such mixing term will vary 
with the individual case. general, becomes 
more important the adsorbents become more 
rubberlike and the adsorbates less anal- 
the swelling data this paper argues 
its being important the case considered quantita- 
tively here except possibly very large regains (see 
also the work Cassie However, additional 
information, possibly from the analysis the influ- 
decide the magnitude of the possible mixing term. 


Theory Used This Paper 


The data swelling which have already been 
presented this paper, coupled with earlier data 
adsorption and fiber structure general, place 
several limitations possibie mechanisms for ad- 
mechanism presented here which 
qualitative agreement with the facts they are 
known. addition, theoretical treatment, simi- 
lar that White and Eyring, derived and 
applied some the data for hair. 

Three facts are evident from the swelling data 
hair: (1) good approximation, water 
molecule adsorbed swells the adsorbent; (2) the 
length and diameter swelling isotherms differ 
shape and degree; (3) application tension reduces 
the amount swelling and, hence, the amount 
adsorbed given relative humidity. 

experimental facts has given the 
following rough picture keratin fiber. The 
fiber consists long molecular chains (polypeptide 
chains) the long axes which roughly parallel the 
fiber axis. The fibers are radially and 
are held together laterally some primary cross- 
links and hydrogen bonds (between amide link- 
ages neighboring chains) and van der Waals 
forces. This description enough indicate 
mechanism for the difference between the length 
and diameter swelling isotherms. 
shown that most the water adsorbed contributes 
the swelling. This means that entering water 
molecule must force its way between segments 
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the chains the 
network are oriented along the axis the fiber, this 
means that swelling will occur the diametral 
direction known from thermo- 


the network structure. 


dynamic data that certain fraction the water 
adsorbed strongly bound sites within the fiber. 
isassumed that this strong bonding corresponds 
hydration segments residues the net- 
work chains, then the length swelling can under- 
not unreasonable expect that the 
dimensions segment residue change hydra- 
tion that adsorption strong bonding sites alters 
both radius and length. Thus the change length 
depends upon the number water molecules ad- 
sorbed strong bonding sites, while the change 
diameter depends the total number adsorbed. 
Since the number adsorbed the strong bonding 
sites roughly follows Langmuir 
therm and asymptotically approaches maximum, 
the length change will also follow such isotherm 
while the diameter change isotherm will have the 
customary sigmoid shape, since the weakly adsorbed 
molecules will influence the diameter but not the 
length. 
residue segment chain increases length 


should stressed that this case every 


when hydrated, causing over-all increase 
length the chain composed these residues. 

The influence tension can also understood 
terms this has already been men- 
tioned that the tensions used these experiments 
were small that mechanical creep was unimpor- 
tant. Since hydration increases the length the 
segment hydrated, application tension would 
tend decrease the amount hydration given 
whereby equilibrium changes counter- 
act the influence external the 
number sites for bonding dependent upon 
the number strongly bonded molecules, the 
B.E.T. picture used, increase tension will 
also decrease the lateral swelling. 

Another possible reason for swelling anisotropy 
could put forward follows: Consider 
composed long, thin micelles capable adsorbing 
water their surfaces. Such fiber would show 
anisotropy swelling because the unequal dis- 
tribution available surface per unit length the 
However, this case, 
the length and diameter swelling isotherms would 
differ only amount and not 
more, application tension would have influ- 


radial and directions. 
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ence the strongly bound water molecules the 
sides the micelles and, hence, none the lateral 
swelling. Therefore, such mechanism incon- 
sistent with the observed data. 

One further fact can obtained from consider- 
ation the shapes the diameter and length swell- 
ing isotherms. large free mixing term would 
associated with decrease anisotropy the 
swollen gel which would probably 
contraction length the volume increased, 
the case This does not happen and, hence, 
large free mixing term unlikely. However, 
probable from permeability experiments films 
that complete omission such term over- 
simplification. 

quantitative treatment will next given based 
the following physical assumptions: 
will considered formed long chains 
rigid molecules, oriented parallel the axis the 
fiber. The degree rigidity not important 
long free mixing does not contribute appreciably 
the fiber isotropic radially and 
held together occasional primary cross-links and 
hydrogen bonds. The cross-bonds, 
mary and secondary, will assumed act either 
radially tangentially but always direction 
perpendicular the fiber axis. primary cross- 
bonds are infrequent that the molecular 
chains react small axial stresses independently, 
far properties are concerned. 
This assumption also implicitly 
discussions mechanical properties. 

Two types adsorption can occur—adsorption 
fixed strongly bonding sites and adsorption 
weakly bonding sites where the adsorbed molecule 
state thermodynamically similar the liquid 
state. The number weakly bonding sites de- 
termined the number strongly bonding sites. 
The strong bonding corresponds forma- 
tion and may change the dimensions and mechanical 
properties the residue hydrated. The weak 
bonding causes separation adsorbent chains but 
does not change their properties. molecule 
adsorbed swells the adsorbent network. 

The partition function for bonded 
water molecule may written: 


where the gas constant per molecule; the 
absolute temperature; Planck’s constant; the 
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average characteristic vibrational frequency 
strongly adsorbed molecule; the internal degrees 
freedom strongly adsorbed molecule; and 
—e, the energy adsorption. 

The partition function for weakly bonded water 
molecule may written: 


3 

where the average characteristic vibrational 
frequency the liquid state; the internal de- 
grees freedom the liquid state; the 
energy vaporization. Since these partition func- 
tions enter only constant term the final equa- 
tions, other forms for each partition function will 
affect independent evaluation the constant but 
not the shape the isotherm. the constants 
are evaluated from experimental data here, the 
forms the partition functions used are sufficient 
for the purposes hand. 

now necessary consider the effects the 
tension the The fiber has been assumed 
The have 
been chosen that creep effects are unimportant 


stresses are concerned. tensions used 


and the fiber acts spring, 


where the force per unit area; the elastic con- 
stant; and the strain. 


(3) 


each chain can given 
cross-sectional area, then 


oT 


the force per chain, the potential energy 


per unit length the molecular chain. the 
length one the residues which the chain 
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where the subscripts refer the state 
hydration. 

Let defined the total number water 
molecules adsorbed per gram fiber relative 
humidity, the total number sites for 
strong bonding, hydration, per gram fiber; and 
the number the molecules adsorbed which 
Then, the 
partition function for all the strongly bonded mole- 
cules 


are adsorbed strong bonding sites. 


kT 


x)! 


(6) 
The partition function for the weakly 


bonded molecules can written 
(a — 1)! 


x 


The first term equation (7) represents the number 
The 


partition function for unhydrated residues can 


with limitations the number per string. 


given 
(8) 


where the number residues per gram fiber. 
physically and chemically homogeneous 
where there is one strong bonding site per residue, 
values and may not equal Similarly, the 
partition function for the hydrated residues may 
written 


(9) 

Finally, the partition function for the change 
physical state the network occurring result 
swelling may indicated This need not 
specified further the moment, other than 


composed, state that depends upon only. Combining 
terms, the total partition function 
zl 
energy per residue. 
K=a,a<B (10) 
Since hydrated and unhydrated residues are as- 
sumed have different physical properties, the B,a> 


partition function for unhydrated residue can 
written 


The value log now desired. may 


determined setting log equal the log the 


and that for hydrated residue 
WekT, (5) Ox 


| 
| 
| 
i beers 
“ 
j 
iy 
te 


where 


molal free energy the adsorbate, 
evaluated from the expression 


Mi ‘42 


the value the partial molal free energy 
contribution from the swelling the network, can 
evaluated. 
For the vapor, 
Mi 
where constant the temperature and 
atmosphere pressure and the vapor pressure. 
For the liquid equilibrium with the saturated 
vapor, 


Mio 


where the vapor pressure over the 
combining equations (13), (14), and (15), the second 
part the isotherm can written 

a k1 

and can now expressed grams water 
per gram for 

now necessary consider the evaluation 
has already been stated, the physical 
model used for fiber consists long rigid 
molecules held together primary cross-bonds and 
secondary hydrogen bonds. cross-bonds may 
either radial tangential but are 
pendicular the long axis the molecule and hence 
the The fiber will assumed act 
unit with all equal macro- 
deformations. Swelling deformations will con- 
sidered entirely radial first approximation. 

Consider one gram the dry there 
cross-bonds parallel radius, cross-bonds 


TENTILE JOURNAL 


146 
which gives 


Let the potential energy for one the bonds 
given 


Vi = = (7 — r,)*, (17) 
alo 


where the spring constant for the cross-bonds 
and its equilibrium unstressed length. 
The potential energy for one the bonds can 
then written 
(18) 


V2 = 
where and have meanings analogous those 
for the molecules. 

Let the potential energy for one the bonds 
given 


V; €1€> = (19) 


where and are effective charges the 
drogen, the atom which hydrogen-bonded, 
and the atom which chemically bonded, 
and are the separations the 
charges. 

The potential energy for the bonds can then 
given 

(20) 
the and have meanings analogous 
those above for and 

Since swelling assumed uniform, can 
related the diameter, some propor- 
tionality factor, Since the circumference 
circle simply related the diameter, 


Cy C2 
Cy cy 
62 C2 


The total potential energy for the gram fiber 
can written (in terms the diameter, 


Node 
N3€,€0¢1 N 


(21) 
D = D 
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The partial molal free energy change for the water 
can then written (mixing terms are neglected 
has been discussed 
Since the swelling considered entirely 
radial (the error introduced ignoring the length 
change small because the relative 
magnitudes the length and diameter changes), 


4 = V,+ a, (23) 


where the length one gram fiber; the 
dry volume per gram the fiber; and the volume 
added per unit water which equal unity 


D= (+a) | 


where the volume fraction polymer present 


the polymer-water system. Now, 


= Ue". (29) 
Ja 2% o 


Combining equations 


Yo? 


2f., | 


This formula too complicated use; however, 
_D, 


where 


and 


€3) 


3 


The assumptions with respect the g’s, and 


are probably satisfactory except the case 


error can The error possible this ap- 
proximation tends emphasize the importance 
the swelling term. 

(27) can now substituted (16), 
which, combined with (12), gives the isotherm. 


a 


Consideration the relative magnitudes the 
two swelling free-energy terms shows that must 
about ten times larger than order for the 
first term exert appreciable effect the ad- 
Since this often unlikely the case 
because the small even nonexistent num- 
ber primary cross-bonds, the first term 
may omitted many cases. 
The elongation the fiber given relative 
humidity and tension can now given 


l= f+ lye 4 


where the number residues per gram fiber 
and may may not equal depending upon 
the chemical and physical composition the fiber. 
the elongation which occurs when dry residue 
hydrated. 

linear function the elongation isotherm 
can expected proportional the number 
molecules adsorbed strong sites, 
rather than 

The effect of tension may now be noted also. 
From the isotherm can seen that increase 
8 at constant B, 7> and n causes a decrease in the 
amount adsorbed given relative humidity. 
From the definition will seen that will 


increase with increases tension 


Both these possibilities are plausible terms 
the general knowledge the effects water the 
properties fibers. 
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Application the Theory 


The theory just derived makes allowance for 
hysteresis and hence, strictly speaking, cannot 
The iso- 
therms for hair grams and gram tension ob- 
tained after the tiber had been through isotherm 


applied isotherms showing hysteresis. 


grams tension show little hysteresis (see 
and The theory applied these 
isotherms and also the isotherm grams ten- 
The 


application the theory the isotherm grams 


sion, which shows 


tension made emphasize the effects tension 
and give indication the nature hysteretic 
will discussed more fully 
later paper. 

Figure shows the application the theory 
the last three adsorption isotherms Figure 
Since what known the structure hair indi- 
cates infrequent cross-bonds, and rough order-of- 
magnitude test the experimental data indicates 
that probably small, the term used for 
the free-energy term for swelling the network. 
The three curves are fitted using and constant 
and varying The results Figure constitute 
adequate fit the data. 

Equation (29) shows twofold intluence ten- 


sion elongation. The tension changes the value 


therms for hair under tension with isotherms derived from 
swelling data. 
hate: 


therms for hair under tension. 
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this case decreasing since increases with 
tension, and increases the elongation the wet and 
dry Actually, the spring constant for the 
dry residues which can evaluated independently 
large that, the initial length taken the 
dry length under the given tension rather than un- 
der tension, the first term equation (29) can 
ignored. The decrease and the increase 
deformation per residue work against one another 
and tend make the elongation changes roughly 
independent the tension, known the 
case shows the applica- 
The 


points the curves for 1-gram and 


tion equation (29) the data 


2-gram loads are used determine the constants 


experimental, theoretical 
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TABLE 
105 42 82 0090 1.90 10" 141 


the elongation equation. The fits the theory 
with the data are the right order magnitude 
for the 1-gram and 2-gram loads, but definitely low 
the case the 5-gram load. 
are summarized Table 


Considering only the isotherms for the 1-gram 


The constants used 


and 2-gram loads, there are experimental curves 
and constants. One these, evaluated 
independently, and another, necessary only 
more, can, many cases, set equal 
This leaves adjustable parameters for curves. 
From this point of view the test of the theoretical 
fitting adsorption isotherm with adjustable 
parameters 

The values and Table are derived 
elongation hydration and smaller than 


compared with values estimated from stress-strain 
curves various humidities wool 
Speakman [26], which are 4.9 10" dynes 


Q05 0. as ' 5 10 


Fic. 10. Dependence of 8 upon force. 


relative humidity and 2.0 dynes 
relative humidity. direct measure- 
ment this laboratory hair relative 
the moduli found agree well with independent 
experimental evidence. 

Independent estimates the value not 


the approximations 
involved. 

the simple theory, plot log vs. should 
give straight gives such plot. 
straight line through the and 2-gram 
points would give value for about for the 
hairs under 5-gram load, indicating conditions 
highly unfavorable for adsorption the fixed sites 
since represents the for liquid con- 
densation. line through the 1-gram and 5-gram 
points would give value under 
close that 1-gram tension. This qualita- 
tively agreement with the data Figures and 
which show small differences between the swelling 
isotherms under load and under load. 
evident that the simple relationship does not 
hold but that more information needed deter- 
mine whether the error experimental 
retical nature. 

White and Eyring [29] have discussed the rela- 
tionship the chemical composition the 
fiber general, values are con- 
siderably less than would expected from stoichio- 
metric considerations. Chemical evidence lack- 
ing the exact constitution hair. However, 
estimate 126 made for the 
weight (see considering hair identical 
with wool, and the number polar side chains 
estimated 341 moles 10° [23], about half 
the total polar sites (counting one per residue 
addition those polar side chains) 
Furthermore, 1.2B, the number polar side 
chains helping cancel the error caused 
some the chemically possible sites not being 


available. This means that actually some- 
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what larger than the value com- 
parison with values log low relative 
humidities shows that the small volume contraction 
occurring small regains will have 
the constants the adsorption 


Discussion 


The the free energy swelling 
the adsorbent network bears certain similarities 
the calculations made the case the swelling 
rubber non-polar both cases, ideal 
networks are postulated which are 
thermodynamically equivalent the actual net- 
work and the thermodynamic properties the ideal 
network determined. the case discussed here 
purely mechanical model which the entire fiber 
acts entity This similar the use 
mechanical consisting elastic threads 
shown give which are 
functionally similar those derived from the more 
sophisticated kinetic theory elasticity 
kinetic theory elasticity relies the essential 
independence the chain segments 
give enough mathematical simplicity useful. 
This assumption probably cannot made the 
case fibers, thus increasing the dithculty 
lating partition function for the network terms 
the properties the individual segments. 
should stressed that the use the individual 
segments has merely proved convenience 
previous work and that any reasonable unit, includ- 
ing the fiber whole the case 
treated. 

However, more serious difficulty presents 
The use ideal network implies averaging- 
out of all physical and chemical heterogeneities in 
the actual network other than those which may 
specifically introduced the design of the ideal 
network. The physical 
materials particularly important. 
work of P. H. Hermans and coworkers [18 ] makes 


recent 


clear that cellulosic least not deform 
unifgrmly throughout when swollen 
ternally, the portions acting differently 
the differences between fibers and 
within individual fiber can 
has been discussed White and Eyring [29] and 
will discussed later paper, adsorption and 
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swelling hysteresis can also attributed this 
physical heterogeneity. 

Chemical heterogeneity will introduce spectrum 
values for Furthermore, the presence polar 
side chains will lead lack correspondence 
between the constants and Evidence 
chemical heterogeneity and the various values 
can obtained from chemical modification experi- 
ments such those Hoover and coworkers 
Again, however, enough data are not available 
treat this complication the present time. 

Finally, the assumptions and the derivation 
the B.E.T. equation itself must discussed. 
work Hill shows most clearly that the 
assumptions lead physical picture the ad- 
sorbed molecules rising rods surface 
(see, however, the discussion below). The length 
the rods depends upon the number molecules 
This picture obviously approximation. 
The method introducing the multilavers 
simplified, has been shown Hill 
and others who have 
effects interaction between adsorbed molecules 
non-uniform surface would give 
therm the shape which would dependent upon 
the relative proportions each site and 
which could sigmoid. Thus, much experi- 
mental evidence possible must considered 
deciding which variant multilaver 
theory must used for particular adsorbent and 
gas Or Vapor. 

adsorption throughout the bulk 
slightly different conditions prevail from those 
uniform surface and the subsequent 
close packing between lavers are no longer valid. 
The condition imposed the configurational term 
arrangement but any arrangement which the 
dependent upon the molecule already being 
other words, any form cluster 
satisfactory providing that the 
adsorbed always adsorbed fixed position with 
respect the first, and forth, for subsequent 
These restrictions make the use the 
simple picture which the multilayer mole- 


molecules. 


cules are state similar the liquid state incor- 
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rect but not eliminate some the 
considered Dole. However, the simple 
equation probably good enough approximation 


determine effects tension, structure, 


has been done The problem the 
second molecule has possible positions with re- 


spect the first, the third, and until 


the molecule adsorbed into the cluster, can 
solved principle but leads algebraic 
equations which are difficult solve. 

Finally, course, mixing, such has been sug- 
Barrer, and graded series sites vary- 
ing heat adsorption, such have been sug- 
The data 
sented here the anisotropy swelling and the 


effects tension make attractive the hypotheses 
that the number secondary sites dependent 
upon the number filled primary sites and that 
the secondary sites differ kind from the primary 
However, although the 
introduced here has probably been ade- 


sites. 
theory 
quately shown, its necessity has not been, and 
possible that another series physically plausible 
assumptions leads the same experimental 
summary, may stated that theory using 
adsorption sites within extremely 
anisotropic network semi-rigid molecules gives 
quantitative agreement, within the limitations im- 
hysteretic effects, for the adsorption 
water also gives the observed swelling 
At the other 
extreme, theory free mixing adsorbate with 


isotherms fair approximation. 


an isotropic network composed of independent mo- 
lecular segments has been successfully applied the 


adsorption non-polar liquids rubbers 
Most swelling materials will fall between these two 
limits and the theoretical approach necessary for 
successful interpretation the adsorption data will 
conditioned collateral knowledge the mo- 
lecular structure the material and swelling 
data, especially anisotropy data, such are given 
here. 
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Water Sorption and the Poly-Phase Structure 
Cellulose 


John Howsmon 


Chemical Research Laboratory, Viscose Corporation, Hook, Pennsylvania 


Abstract 


the present work, equilibrium moisture regain method which 


suitable for routine use. 


can carried out large with high degree accuracy has been developed. 
method illustrated wide variety cellulose materials covering wide 
The terms “accessibility” and are discussed and possible errors 


sorption capacity. 


arising from assumed these terms are pointed out. 


structure of cellulose are tedious and not 


The 


range of moisture 


attempt 


evaluate both accessibility and crystallinity cellulose from moisture regain data has been made. 
This evaluation results proposed revision reported crystallinities various 


types of cellulose. 


The hydrolysis method for studying cellulose accessibility has been compared with moisture 


regain and x-ray diffraction methods. 


proposed that cellulose during 


hydrolysis determining factor this method and, therefore, that published data obtained 


from hydrolytic studies should reconsidered 


METHODS have been proposed and used 
for the measurement the average degree crystal- 
linity lateral order These methods 


may 


Chemical methods, which include the hydroly- 
sis and catalytic oxidation method used Nick- 
erson and coworkers 26] and modified 
Conrad and Scroggie and Philipp the 
use hydrolysis with accompanying 
changes D.P. the thallation method 
and oxidation methods [14]. 

(B) Physical methods, which include the rate 
exchange deuterium oxide 13], x-ray 
tion density calorimetry and 


None these methods absolute, but 
cases has been possible classify different cellu- 
loses according the relative amounts 
line material. 

Although the moisture sorption cellulose has 
been widely discussed the literature 30, 31, 32, 
33, and, according modern views, the sorp- 
tive capacity may associated with the order-dis- 
order structure cellulose, only few attempts have 
been made correlate sorption data with cellulose 

This paper was presented part the Gordon Research 


Conierence Textiles the American Association for the 
Advancement Science, New London, H., June, 1947. 


structure. The concepts Brunauer, and 
Teller [6] have been applied this problem [2, 11, 
28| but the method unwieldy for 
More recently, Hermans [16 (pp. has con- 
cluded that first approximation there direct 
relationship between the capacity mois- 
ture sorption and the quantity amorphous material 
oughly defined account for possible differences 
crystal size crystal perfection different 
loses, but seems offer good basis for rapid, 
accurate estimation the average 
lateral order cellulose fibers. 

this work, the relative 
The 


expression sorptive capacity terms parameters 


pacities various cellulose are reported. 


relating the fine structure cellulose has been un- 
between the hydrolytic and 
physical methods determining 
are discussed and mechanism 
moisture regain data has been proposed account for 


the observed discrepancies. 


Experimental Methods 


Since all the determinations 
sibility are relative, attempt has been 
place the method absolute scale, and the fol- 


lowing procedure for the determination moisture 
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rABLE 


Regain 


FACTOR FOR REGAIN 


Corrected 


Correction Regain regain 


Sample Run no. control factor sample sample 

Viscose rayon (young viscose 10.91 1.138 11.90 13.54 
2 9.08 1.368 9.91 13.56 

5 12.21 1.016 13.38 13.60 

} 11.91 1.041 13.04 13.59 

5 10.77 1.153 11.81 13.63 

Viscose rayon (old viscose 10.88 1.140 10.71 12.22 
2 12.85 967 12.65 12.21 

12.08 1.028 11.90 12.23 

4 10.79 1.151 10.53 12.11 

Wood pulp 10.08 1.162 6.86 7.98 
10.34 1.200 6.58 7.90 

10.70 1.160 6.89 7.99 

4 10.77 1,153 7.00 8.15 


sorption was One-gram samples were placed 
small weighing bottles and dried laboratory 
oven for hours bottles were closed 
soon the oven was opened, cooled for 
0.2 


The samples were conditioned constant 


utes, and weighed accurately within 
gram. 
tive humidity and 


percent rela 
The percent moisture 
regain was calculated in-all cases the basis the 
not necessary weigh constant weight, 
weight after given conditioning time used. 
hours’ conditioning was found sufficient for 
more compact samples, longer 
times, depending upon the nature the sample, are 
necessary. 

The inaccuracy oven drying 105°C and the 
variation humidity and temperature the condi- 
tioning room make reproducibility very poor over 
period Therefore, standard sample was 
run with each set samples which the moisture 
regain was determined. The moisture regain 
this standard sample was arbitrarily set 12.41 
percent, obtained from average sixteen deter- 
minations. correction was then applied each set 
samples for the deviation the measured regain 
the control sample from the standard regain. The 
correction applied follows: 


Measured regain sample 
12.41 


Measured regain control 


Corrected regain sample. 


correction, set relative moisture regain 
values may will have standard 
deviation about 0.07 percent. Although the con- 
trol sample used this work was rayon, the cor- 
rection valid for both native and regenerated cellu- 
The correction factor and the reproducibility 


Table 


show the the correction over 


are illustrated cases are given 
wide range determined values the moisture re- 
gain. The normal variation the control sample re- 
gain the order 0.3 percent. 

most cases the determined value the regain 
the control sample lower than the standard value 
12.41 percent and therefore the corrected regain 
values are too high. This error absolute value 
not great importance since only 
The 


could placed absolute scale determining 


the moisture regain the control sample accurately 
and correcting all others this base regain. For ex- 
ample, using more standard drying conditions and 
acid, reproducible results can obtained differ- 
Such 
procedure requires more attention, but more ap- 


ent runs without the use control sample. 


plicable when high degree accuracy required. 

Densities were determined the 
Hermans which consists drying the fibers 
completely 100°C dry air and distilling carbon 
tetrachloride into the sample chamber. 
sity was found determining the temperature 


den- 


which the fiber remained suspended the carbon tet- 
rachloride. 


This temperature usually between 
All density values were then corrected 


153 
i 
er 
&é 
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1.54 


1.53 


DENSITY 


MOISTURE REGAIN, (58% RH) 


Fic. Probable relationship between density and 
moisture cellulose fibers. 


using the coefficient dilation cellulose 


Results and Discussion 


Moisture regain, sorption ratio, and density data 
for series cellulose samples which were picked 
cover wide range are given Table The sorp- 
tion ratio the ratio the moisture regain the 
sample question that cotton when 
gains are determined under the same conditions 


and 


The cross plot these data Figure 


relative humidity and temperature 
shows fairly good linear relationship between the 
density and moisture regain the cellulose samples. 
These results are good agreement with those 
Hermans which based his conclusions (1) 
attributed 


? 


lelism between density and moisture sorptive capacity, 
and (3) that first approximation there 
rect relationship between the sorptive 
the quantity amorphous material the fiber. 

the basis these premises, either the moisture 
regain the sorption ratio should give directly 
relative scale for cellulose fibers, 
cording the data Table high-tenacity rayon 
would contain about twice much amorphous 
terial does cotton. 

However, the present theories of sorption and the 
known behavior cellulose will not allow 
the 
Hermans 


quantity amorphous cellulose fiber. 
first postulated this departure from linearity 
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cellulose tibers 

that 
regions cellulose (regenerated fibers 
sorption water vapor, while crystalline 


the basis studies 


concluded 


regions cellulose (native not form hy- 
drates. Therefore, for given amount amorphous 
material, fiber containing cellulose 
will have higher sorptive capacity than fiber con- 
taining crystalline cellulose 

According present theories sorption, the first 
strong sorption water cellulose caused hy- 
drogen bonding water molecules the accessible 
hydroxyl groups which act sorption sites 
Since cellulose is composed of easily accessible 
amorphous regions crystalline 
regions, probable that these accessible 
groups may either the amorphous areas 
the surface crystalline area. The contribution 
the crystal hydroxyls the total regain can 
not ignored, for the crystalline areas are small and 
therefore have large percentage their hydroxyls 
the surface. Furthermore, the total percentage 
the hydroxyls erystal which lie the surface will 
increase with decreasing crystal size and, therefore, 
the total amount sorbed water will 
decreasing crystal size, and for two celluloses con 
taining equal amounts amorphous material that 
sample with the smaller crystal size will exhibit the 
higher moisture sorptive capacity. 

Therefore, although the sorptive power 
lulose fiber is, among other things, function the 
number hydroxyl groups capable acting sorp 
tion centers because of their position in the poly 
sorptive power terms amorphous cellulose must 
sorption-active 


CELLULOSE FIBERS 
Moisture 
regain Sorption Density 

(58% ratio (20°C 
Cotton 6.70 1.00 1.544 
Wood pulp 8.05 1.20 1.541 
Fortisan 9.60 1.43 
Mercerized wood pulp 10.45 1.56 1.534 
Fiber 11.00 1.64 
Experimental 11.50 1.71 
rayon 12.00 1.79 1.522 
High-tenacity rayon 13.25 1.98 1.509 
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groups may lie either amorphous 
regions. The best modification this interpretation 
agreement with the terminology used other au- 
thors The accessibility cellulose fiber 
usually defined that fraction total cellulose 
which available for reaction with given reagent 
under certain specified conditions, such 
tration, time, and temperature. The experimental 
values accessibility are dependent upon 
and polarity the molecule used and upon the de- 
gree swelling the cellulose the medium used 
the determination, but for any given set con- 
ditions the accessibility cellulose can deter 
not well enough detined allow direct determina 
fact, 
such direct determination were possible, would 


tion the percentage accessible cellulose. 


apply only definite moisture content for 
additional sorption sites are probably formed the 
seems reasonable assume that the moisture regain 
portional the general the fiber 
water therefore, that the moisture 
cellulose offers directly relative scale cellulose 
the theory presented above, this 
accessibility will function not only the relative 
amounts crystalline and amorphous areas but also 
the ervstal size and the ability water pene 
trate the region. This concept 
advantage that does not arbitrarily require that 
but permits the interpretation that high 
regain may obtained from crystalline cellulose 
small size. 

and hydrate formation now possible 


exchange 


Cotton 44 
Wood pulp 55 
Fortisan 
Mercerized wood pulp 
Fiber G 67 
Experimental ravon 
Peatile rayon Os 
High-tenacity rayon 


CORRELATION 


mn 
nm 


100 


@ 


© REGAIN DATA 
0,0 DATA 


ACCESSIBILITY, 
oa 


20 
MOISTURE REGAIN, (58 RH) 
Probable relationship between the moisture 
and accessibility cellulose fibers. 


check the validity the 
gain relationship and estimate the magnitude 
the effect size the apparent crystallinity 
Hanle, and Mark seem the most typical 
and comprehensive and are reproduced the first two 


Table 


sibility expressed the the cellulose 


columns The deuterium oxide acces- 
which will exchange with deuterium oxide 
Assuming that Mark’s value for cotton 
correct, the accessibility values column were cal- 
44) 
the sorption ratio each sample given Table 


The agreement between the 
culated from moisture regain data and those from the 
deuterium oxide values very good the 
fact that the samples used this work and those used 
Frilette were from sources and may have 
had different This probable 


Mark gave moisture regain data, his accessibility 


AND MotsturRe REGAINS 


Moisture regain 


Crvstallinity Necessibility Crystallinity 
63 334 65 
63 51 
69 43 
46 72 39 
20 87 18 
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data have been plotted for illustrative purposes 
assigning generally accepted values for the moisture 
regain his should noted that the 


deuterium oxide method accessibility 
cellulose the accessibility swollen 
the moisture regain accessibili- 
ties obtained calculations such those above can 
be considered absolute only for cellulose which is 
completely swollen water, because water 
moved from its points bonding cellulose the 
cessibility will However, the ratios the 
moisture regains celluloses observed 
percent relative humidity are present the same 
order and are essentially the same magnitude over 

the complete range from zero percent relative 
seems conclude that the materials 

will have the same relative order 
the dry condition given Table with 
change only degree accessibility. 

Since accessibility usually exact experimental 
quantity, more reasonable use 
However, has been common practice convert 
accessibility into “percent and, indeed, 
such conversions are informative not only for evalu- 
ating methods study but also for the ultimate inter- 
pretation cellulose properties functions cel- 
lulose Mark [13], the re- 
lationship between crystallinity and may 
written 


A = oa + (100 — a), (1) 


where the percentage all the 
which react rapidly with 
the fraction the accessible 
which lie domains, 


and 
the sample. 


Solving for a: 


The estimated value dependent upon the 
method determining and upon the value as- 
signed constant crystal size, Mark 
has, first approximation, calculated that 
percent the hydroxyls cellulose are 

the all these are reactive, 

the value will The percent crystalline 
material from this value listed 
column Table for data and column 


for the moisture regain 
The reason for the difference order mercerized 
wood pulp and Fiber the two methods not 
pendency the properties mercerized pulps 
the method washing, and 

seems possible refine the first approximation 
percent crystallinity from accessibility values 
ditferent celluloses the basis known data for 
the various types cellulose probable 
structures. This has been done combining data 
crystal size, the hydration crystals, and 
sumed mechanism which water bonded 
cellulose the literature and present the 
cellulose structure the following assumptions 
average crystals native cellulose are about 
breadth, while cellulose the average 
breadth about (2) regenerated cel- 
lulose crystalline regions, when completely hydrated, 
contain water molecule per anhydroglucose unit, 
while native cellulose regions 
cessible the (3) amorphous 
contains, the average, water molecules per 
unit when completely (+) 
and, the average, one-half the 
chains crystal surface are accessible and 
will behave amorphous cellulose hydroxyls. 

The assumption for crystal 
low-angle x-ray scattering data Fankuchen 
and Guinier [15], and micro- 
scope data Morehead hydrolyzed cellulose 


values for accessibility regenerated 


cellulose crystals are taken Hermans 


molecule 


19], who suggests that either 
water per glucose unit bound within the crystal- 
lite. The mechanism bonding the amorphous 
regions results from the work Hermans [16], 
Champetier Tankard and others who have 
concluded that wet cellulose about 
water hound per molecule glucose residue 
tive celluloses and about molecules water per 
molecule glucose residue regenerated 
If, first approximation, native and regenerated 


are assumed about and percent 


accessible water (as determined Mark), these 
cules bound water per molecule accessible glu- 
cose postulated two hydrates 
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the basis these assumptions possible 
corrected for the accessibility arising 
differences crystal structure and size 
Because the approximate nature the assump 
tions, values have been assigned for different combi 
nations the crystal and hydration assumptions 
that individual evaluation each assumption could 
wide about percent the hydroxyls are 


ing the same terminology given Mark equa- 


the surface and available for sorption water. 


lated the the the equation 


100 
a > 
0.83 
. - . . 
fers from only differences assumption con- 


cerning the accessibility the crystal 
equation are listed Table column 


lish a base for comparison of crystal size effects. 


to estab- 


This value for based native cellulose crystals 
and will be designated as oy in contrast to values of op 
wide percent the hydroxyls will 
the surface and, the assumption that the 
water molecule bonded for each hy- 
droxyls, each the remaining hydroxyls within the 
crystal itself can considered percent accessible. 
This equivalent the total accessibility per- 
cent the hydroxyls within the percent 
all the hydroxyls, and value for 


erystalline fraction then expressed 


Accessibility Crystallinity 
ov = 0.17 ox = 0.17 ox = 
c¢= 0.17 Cr = 0 28 or = 0.44 oR = 
Fortisan 63 45 5 66 77 
which fit this range, but was unable the equation 
prove which was the more probable. 
0.56 


Similarly, can shown that for regenerated cel 
lulose wide the value will 0.28 
crystal hydrate formation takes place, 0.52 
crystal hydration takes place (according assump- 
tion 2). 

Using these values for values have 
been and are listed Table 
illustrates the effect size alone, column 
illustrates the effect crystal hydration alone, and 
column illustrates the effect both crystal size 
and hydration the crystallinity value. 
the basis existing data not possible de- 
cide upon any one these last three columns data 
giving the most probable values for the degree 
the 
trend unmistakable that the basis present data 


different celluloses. However, 
and theory cellulose structure large portion 
the high reactivity, moisture sorption and other prop- 
erties regenerated cellulose traceable 
the smaller crystal size and higher accessibility 
the crystalline domains present rather 
tirely due differences amount ma- 
terial has been most frequently assumed. 

None these values can taken final, but they 
not conflict with the known behavior cellulose 
fibers. The data which the assumptions involved 
are based are somewhat and revision will 
undoubtedly necessary new data become avail- 
able. The crystal-size assumption for native 
generated celluloses least the right direction, 
for the conditions involved plant growth and 
rayon spinning are such that regenerated fibers would 
However, the calculated values given 
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column Table seem somewhat incon- 
sistent with theoretical considerations. For example, 
the value for Fortisan seems quite high, and 
not likely that mercerized wood pulp would contain 
higher percentage crystalline material than the 
original From the calculated values columns 
these discrepancies arise from the assumption 
strange that crystalline regions regenerated 
cellulose would form hydrates while those native 
cellulose would original hypothesis hy- 
drate formation based observed lattice ex- 
pansion regenerated cellulose crystals water 
sorbed, but does not seem the only interpre- 
tation allowed the x-ray data. The samples used 
the determination lattice expansion were mer- 
crystallization are quite possible 
that imperfect crystals are present which will form 
this true, one would expect find lattice 
pansion both native and regenerated fibers wet- 
ting inverse proportion the acces- 
interest study the lattice expansion cellulose 
samples which have been treated the 
amorphous regions only the 
structures 


Effect Hydrolysis Accessibility 


values for similar samples studied meth- 
ods, which makes interpretation terms cellulose 
structure difficult. one discrep- 
ancy these data The hydrolysis 
ods give higher values tor the percentage 


THe 


Method 


Cotton 


Hydrolysis method 
Nickerson [25, 26 94 
Conrad and Scroggie [9] 92-94 

Philipp [27 


X-ray diffraction [207 
Density 
Calorimetry 


Deuterium oxide exchange [13] 
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This trend seems generally true for other chemical 
methods—such thallation oxidation [14], and 
tion this trend can attributed the fact that the 
media used not swell cellulose appreciably, but 
the discrepancy between such methods deuterium 
oxide exchange and hydrolytic degradation 
apparent because both aqueous media, 
which the swelling cellulose should fairly com- 
parable with that water. For one sample 
textile ravon showed cross-sectional swellings 
63, 62, and percent; and another, 67, and 
percent water, 2.5N and respec- 
Since there reason expect that 
there seems little possibility that the large ob- 
served differences accessibility can due 
ferences between the swelling cellulose aqueous 
dilute mineral acids, and Therefore, 
the theory that this probably arose from 
the fact that hydrolysis methods utilize chain cleav- 
celluloses were studied moisture regain and x-ray 
diffraction results these studies in- 
dicate that the low accessibility values determined 
hydrolysis are partially accounted 
evident that the moisture regain 
weight lost the early stages hydrolysis. Data 
obtained for highly accessible viscose 
ally done the literature, the change re- 
the small loss amorphous cellulose 


the each glucose unit which removed would 


“CRYSTALLINITY OF CELLULOSI 


Mercerized High-tenacity 


Wood pulp cotton 


90 &9 79 


24-32 
77 52 
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N-ray diagrams (a) (left) untreated rayon and (b) (right) the same sample hydrolyzed 


at 30°C 


have have been associated with from mole 
cules water the original ratio 
water glucose unreasonable and the 
data are interpreted indication that 
tion has taken place during hydrolysis. 

x-ray workers found that hydrolytic degrada- 
tion cellulose produced change the crystal 
structure and concluded that the reactions were con 
fined the amorphous regions. recently, 
versoll has shown that short treatments 
ing acid greatly the definition 
the diagram and has suggested that this 
could due chain rearrangement chain 


cleavage with subsequent actual increase lateral 


order the sample. this 
x-ray behavior alone explained mecha 
that perfect crystalline cellulose will give sharper 
x-ray diagram than 50-50 mixture 
and cellulose. clarify these alterna 
tive explanations, x-ray diffraction studies were made 


rABLE VI. 
Moisturt 


Loss 


Weicut AND CHANGI 
REGAIN 


IN 


mol. glucose 
lost 


Hydroly 


Time 


Moisture 


regain 


Weight 


min loss (&% 


11.42 
10.560 
10.18 

OSG 


how 


which the moisture regains and the loss weight 


show that the crystallinity lateral order does 


crease on hydroly sis and that the major part of this 
increase crystallinity occurs with loss weight 
less than 1.5 Typical diagrams are shown 
Figure which the change x-ray diagram 
occurs with only 0.7 percent 
weight This extreme change 
x-ray diagrams with slight 
lization mechanism. 

The question arises whether 
lization occurs during the hydrolysis merely 
upon drying the swollen diagrams 
were made hydrolyzed samples which were washed 
with cold water and kept wet during x-ray exposure. 
These diagrams indicate that the crystallization 
curs the hydrolyzing medium the sample 
all the 


wet hydrocellulose show the same change 


dried, for cases x-ray diagrams the 


Similarly, pretreatment the samples with water 
alone 50°C before hydrolysis caused 
able change either the x-ray diagram the mots 


ture regain the samples. combined 


drolysis, moisture regain, and diffraction data 


otter conclusive evidence that recry stallization of 
cellulose does occur the aqueous media normally 
used for hydrolytic studies. Most of this cry stalliza- 


indicated the fact that the x-ray diagram changes 
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CELLULOSE (NICKERSON) CORRECTION FOR 


CRYSTALLIZATION ACCOMPANYING 


Reactivity 
cellulose 
Sample (Nickerson portion 

Cotton 96 7.4 
Cotton linters 94 8.6 

Wood pulp 90 8.5 
Mercerized cotton 13° 
Viscose ravon 79 26 


Under the extreme con- 
boiling normally used hydroly- 


very little after this time. 
ditions 


will probably complete within few minutes. The 
relationships obtained are thus char 
acteristic the recrystallized sample instead the 
have also been support 

Crystallization phenomena this kind 
method coagulation and other celluloses. 
For example, when nuclei are first formed 
bath, two chains may caught 
ditferent with different each chain 
but will separated region amorphous cel- 
amorphous region will the first 
tacked the acid, and strain induced 
lization relieved chain rupture the loose ends 
free move, and, the ideal conditions 
water 100°C—will 
allow growth along the chains. 


the 


seems probable, therefore, 
the early stages hydrolysis great extent 
responsible for the low results obtained for cellulose 
gain and after hydrolysis taken meas 
possible estimate the order magnitude the 
error introduced this data 
given Nickerson data and the esti- 
mated corrections are shown Table for sam- 
ples hydrolyzed boiling ferric 
chloride for minutes. 

The percentage cellulose crystallized during 
drolysis estimated calculation from the moisture 
regain before and aiter hydrolysis and equation (1) 
0.17 and 0.28. 


and using values 


Moisture regain Cellulose 


ellulose 


Untreated zed 


corrected 


O.8 5.6 10 
7.0 Sa 11 83 
8.3 7.4 9 
9.2 7.0 19 70 
13.4 96 34 45 


The caleulated this man- 
ner from the moisture regain before and after treat- 
ment taken directly the increase crystallinity 
due (Table VII, column 5). 
Then, approximation, the corrected 
linity value obtained substracting these values 
from the original values shown column 
approximation does not take into account 
loss cellulose during treatment. 
However, the moisture regains used are those the 
original sample and sample which has been hydro- 
volved very such correction 
cannot made with great accuracy but does show 
trend that the less materials 
most readily and the extent. 
the whole range values high and compress the 
expected spread values because the tendency 
the least crystalline celluloses most 
linity values correction for 
curring during hydrolysis (given 
Table VIL) are the same order magnitude 
those determined the physical methods such 
deuterium oxide exchange. The does 
not seem affect the relative order 
values, probably because the degree ordering which 
occurs the aqueous acid determined the 
gree order present the original sample, 
certain cases, such celluloses which 
subjected dry grinding, the hydrolysis method 
completely because the ground samples crystallize 
readily upon wetting. the basis the above con- 
siderations, would appear advisable 
published data the hydrolysis Work now 
progress this laboratory seems indicate that 
clarified the use mild hydrolysis used Bat- 
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tista and Coppick conjunction with the usual 
high-temperature method. 
Nickerson also reported values for the crystalline 


portion reactivity expressed arbitrary units the 
activities (column Table should more 
less independent the amount crystalline material 
present and will principally determined 
this 


basis, the high reactivity crystalline cellulose from 


size and the crystal 


could accounted for follows: (1) the crystalline 
regions viscose rayon are smaller than those 
cotton; (2) the erystalline regions rayon 
are more accessible than regions the 
(3) the regions viscose rayon 
are both smaller and more accessible than those 
lose also show this example, cotton hav- 
original regain 6.70 percent and sample 
ravon having original regain 13.60 percent have 
values 5.8 percent and percent, 
50°C 
However, these 


respectively, after treatment with 


for 


hours. 


should almost completely because 


this the case, the ob- 

served ditference moisture regain these celluloses 

after hydrolysis should function only the dif 

residues, and the higher regain hydrocellulose from 


would indicate the presence small crystalline 
neither these factors has been 
thoroughly studied, these measured crystal reactivi- 
ties and moisture are qualitative 


agreement with size and accessibility measure- 
ments discussed this paper, and with the conclu 
sion that erystal size and accessibility are important 


factors determining the high high 


sorption capacity regenerated cellulose. 
Summary 


The moisture regain cellulose fibers has been 
found usetul method studying the aver- 
age degree lateral order cellu- 
lose 

relative scale cellulose accessibility determined 
regain has been set empirical 


errors arising from attempts con- 


161 


vert accessibility into percent crystallinity are pointed 
correction has been postulated compensate 
for the differences between the accessibilities wa- 
This 


postulate leads the conclusion that accessibility 


ter native and regenerated cellulose crystals. 


determining different reactivities different cel- 
luloses are differences total crystalline content. 

has been shown determin- 
ing factor acid hydrolysis studies cellulose 
high temperatures, with the result that estimates 
crystalline material obtained such methods are 
probably high. 

The postulates used and the conclusions derived 
their use indicate that reconsideration pub- 
lished data, especially those 
degradation of cellulose, is advisable. 
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Small-Angle X-Ray Scattering Various Cellulose 
Fibers and Its Relation the Micellar 


Abstract 


The study the molecular structure cellulose fibers x-rays has been concerned until 
very recently with diffraction only relatively wide angles. Almost work has been done 
the diffraction and scattering x-rays within very small angles adjacent the primary 
beam. The only fact known was that such “small-angle scattering” produced ramie and 
rayon. 

the present study, the small-angle scattering various cellulose fibers has been investi- 
gated and has been that the scattering different fibers completely different. 

The hypothesis that the small-angle scattering cellulose fibers would related 
micellar size and distance substantiated the fact that experimental change those 
distances results in a corresponding (inverse) change in the extent of the scattering. On this 
basis the difference the scattering patterns different fibers explained difference the 
size and distance of the cellulose micelles or crystallites. 

orientation crystallites also expressed the small-angle diffraction pattern giving 
rise the interesting phenomenon “cross” formation when the crystallites form angle with 
the long axis the fiber. The angle between the lines the cross proved 
related the pitch the spiral the the fiber. 


Introduction The distance, size, and orientation micelles 


properties and only few methods exist present 
for the study the micellar structure, such double 
with diffraction relatively wide angles, with little 
attention having been paid the diffraction and scat 
For this reason the use small-angle 
tering small (or low) the latter case 
tering can expected open new possibilities 

very small angles adjacent the central undeviated 
initial step the study the micellar structure 

vary inversely, such studies furnish information 
fibers the use small-angle x-ray scattering. 


Corey and and Fankuchen and Mark 
have pointed out the possible value 


the presence large spacings the material investi 


angle studies former have clearly 
given. 
the method described will furnish information the 
sists several separate, long-spacing lines 
micellar structures, whereas the conventional method 
sae ‘ or spots which could be related with the presence ot 

reveals the molecular structure within the micelles. 
and are only extension the tech 


*This paper was read the meeting the Fiber Society, smaller 
Boston, Massachusetts, September, 1948. 

Formerly Industrial Advisor charge fiber research 
with the Department Affairs, Netherlands East 
mainly the field tibrous proteins and 


vealed are parts large molecules. 
This first small-angle scattering has been 
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small-angle interference and wide-angle scattering (2) The same (1), for jute. 


(3) Small-angle scattering American hemp (4) Retted Roselle sab 


164 
> 
3 4 5 6 
‘ 
q 
ty 
4 
A 


1949 


Flax 
1°42’ 


26 


Hemp 


Maximum scattering angle 
Smallest period (in A.) 
Average period (in A.) calculated 


from midpoint scattering 1.5 


and data have been obtained which indicate 
the existence superspacings inside the molecules 
from 725 A.* 

The other type small-angle diffraction 
tinuous, with separate diffraction lines being pres- 
term “scattering” may more appropriate 
This 


scattering has been studied mainly non 


here and will used this article. 


material such carbon black and similar sub- 
stances, and has been related with the size small 
particles 

Only few sporadic data exist small-angle dif- 
fraction cellulose has been known for 
some time that the ramie fiber gives 
Mark, and Hengstenberg, cited 
Mark [26], and Kratky and Schoszberger 
gave description the scattering this fiber, and 
Kratky ventured quantitative evaluation which 
will discussed only other cellulose fiber 
for which small-angle scattering has been described 
Corey and published dif 
fraction pattern this material the 


is viscose. 


absence sharp reflections “in the band unresolved 
stating that “the meaning this band 


small-angle patterns ramie 


Sekora, and Treer and Kratky and 
used special viscose product (prepared after 
rected toward interpretation the phenomena 


scattering. 


comparative study small-angle scattering 
various textile fibers has been undertaken the 
thor, and the results study cellulose fibers 
given 


and Crowfoot [6], Wyckoff and Corey 
\stbury and Sisson Corey and Wyckoff [10], Bernal 
and Fankuchen [7], Bear [4], Fankuchen [13], 

Debye [11], Krishnamurti Warren Biscoe and 
Warren Guinier [15], and Hosemann 


preliminary note appeared Chem. Soc. 70, 
3138 (1948). 
|. 


FOR DIFFERENT FIBERS 
Jute Ramie Viscose Merc. cotton Cotton 
1°35 1°18 1°9’ 36" 
55 Os 73 95 146 


Experimental Data the Angle Scattering 
Various Cellulose Fibers 


cial method was worked out, which the same 
amount material was always exposed the x-ray 
beam under identical circumstances far possible. 
For this purpose the following method was 
slit bundle accurately paralleled tibers cm. 
length and mg. weight was mounted and 
posed x-ray beam which passed through 


exposure time, 


right angle. ignment beam, distance from film, 


and conditions of developing the film 


were always the same. 


diameter was used, the primary be- 
ing carefully intercepted lead dise 
ameter. Under these conditions the 
tern of most of the bast fibers proved to consist of 
two lines the equator both sides the primary 
(Compare Plate 

The length and the width these lines were 


ferent different fibers, can seen Plate 
the maximum angle scattering for each given 
Table 


The angle scattering diminished 
lowing 
Also the width and intensity were jute 
ing wide and intense scattering, flax finer, 
narrower line, and ramie almost 
The 


tering area, tapering toward the end. 


far investigated, have shown rather ditfuse scat- 


tering line short higher oriented 
like Super-Narco the line became more sharply de- 
fined compared with the less oriented Narco. 
The cottons had extremely short line which hardly 


remarkable that mercerized cotton the line 


appeared from underneath the intercepting 
longer than cotton. 


II: Interpretation Data, Based Experiments 
Swelling and Mercerization 


attempt will now made give 


pretation the continuous 


described above. survey existing literature re- 


| 
| 
at 


166 JOURNAL 


veals that general agreement between various in- 
vestigators has not vet been reached. 

The evaluation small-angle x-ray 
Debve [11] and Guinier [15] second footnote 
page principles similar those applied 
the explanation the scattering ordinary light 
This 


has been principally applied the x-ray 


small particles (Fresnel and 


scattering disperse systems, where the distances 
between the particles are relatively large compared 
with their size and where the distribution 
comparison has been made with the mole- 
cules gas, where the intensities scattered the 
individual particles are summed give 
phase relationship exists between the 
fibrous material previously 

Kratky 


nated densely packed, completely inter 


maintained that for systems desig- 


pretation and evaluation scattering necessary. 
such systems the spaces between the particles are 
compared with the size the particles them- 
selves. When such systems are irradiated, phase 
relationship between the individual particles may 
expected, fact which large degree determines 
Due 
the dense packing, the particles are 


and most fibers probably belong it. 


some degree regularity, which results the phase 
relationship mentioned. 

ventured evaluation this scattering 
the 


law applied here for the 


the ramie assuming 
average period the particles). 
assumed that the diffuse scattering originates 
from irregular lattice, varying identity period. 
order find the average -period, the radiation 
energy belonging the subsequent values the 
identity periods was calculated dividing the cor- 
responding intensities the squares the identity 


period was considered the average pertod, 
and the hypothesis was made that was indicative 
This 
hypothesis was supported earlier data Heng 
stenberg and Mark 


for the size the micelles this fiber (without inter 


the size and distance the micelles present. 
who found the same value 


micellar distance) determined the width 


interference lines ordinary x-ray diagram. 
This agreement dimensions would indeed strongly 
substantiate hypothesis had Hosemann |19| 
found the most frequent periodicity the same ma- 
terial when evaluating the data according 
the principles Guinier and others (see 
Kratky Kratky 
rightly pointed out the ditference between the two 
systems 


and wherein 
His argument, however, that his 
method evaluation was preferable because gave 
better value for the size the micelles cannot 
considered since his assumption that the 
periodicity was related the micelles was the very 
hypothesis proved. better approach was 
made Sekora, and Treer and Kratky 
and Wurster who showed that imbibition 
preparation with various organic liquids 
the intensity the scattering and 
portionally related the differences the electron 
densities the cellulose and the liquid taken up. 
From the above may clear that the interpre- 
tation the phenomenon continuous scattering 
sis and evaluation seem probably 
bring more direct proof the hypothesis, the au- 
thor has approached the problem trom another angle 
law (and not the principles Debye, 
Guinier, and others) may indeed applied 
culating the structural periodicities, and these pe- 
riodicities are identical with the micellar distances, 
would follow that proportional relationship must 
exist between the extent the scattering zone and 
the size and the Under such 
conditions change this distance the same 
the extent the scattering area (an increase the 
micellar distances resulting decrease the length 
for 
experimentally altering this distance can found 


the scattering line and vice 
the application well known that 
swelling cellulose consists uptake liquid 
only the spaces between the micelles (intermicellar 
swelling (Katz)*). 

This would result the distances 
hetween the micelles and therefore also 
tances between the centers the 


This follows from the fact that the wide-angle x-ray 
is the same 
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If. 


(1) Untreated. 
livdroxide. 
after drying. 


after washing. 


under 


tering might therefore expected provide direct 
proot relation between the 
and the size the scattering area and afford cru- 
cial test hypothesis. This proof would 
direct importance for the interpretation the ex- 
perimental data described 

The results obtained the following experiments 
are complete accord with what might expected 
Micellar dis- 


tances and length the scattering area proved 


the basis the above assumptions. 


vary inversely. 

The experiments were carried out exposing the 
same sample mg. the fiber the x-ray beam 
before and after wetting with water with various 


concentrations sodium moisture 


content the fiber was maintained either con- 


tinuous addition the fluid the freely mounted 
fiber insertion the tiber, after removing ex- 
cess into closed capillary, which case the 


(2) deposition gold the spaces. 
Same after washing and subsequent drying. 


Influence the deposition gold and swelling the small-angle scattering jute. 


(7) sodium hydroxide. (8) Same 


(10) (11) Ramie mercerized 


dry compared was also enclosed the same 
The jute fiber was selected for most the 
experiments, has the clearest, longest scattering 
with flax were also 
but did not give results.* 


Results Swelling Water 


microscopic study has been observed that 
From the 
images obtained (Plate figures and can 


the jute swells some water. 


seen that decrease length the scattering 
that the line became more intense and had greater 
width than before. The phenomenon was reversible 
upon radiation the added 
water cannot explain the phenomenon interference 


since the intensity was not decreased. 


This was important, known that jute lignin 
also present and may 
(Sen and Woods and Banerjee, 


interfere with the x-ray diagram 


Basak, and Sen [3]). 
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shortening the exposure time half third the 
normal one did not result any decrease the length 
the scattering the following experiments 
comparisons the fiber various swelling solutions 


were made with reference the fiber water. 


Results Swelling Solutions Sodium 
ide, and 


Jute tiber was studied solutions 
and hydroxide (Plate Before and 
each treatment (all treatments were carried out 
with the same fiber) the fiber was washed water 
the scattering area was almost the same 
pure water, and the process was still 
the the scattering area 
Treatment with sodium hydroxide resulted 
much smaller area compared with the lower con- 
centrations removal the alkali upon washing did 
not result restoration the original scattering 
permanent change had This agree- 
ment with the fact that higher concentrations al- 
kali mercerization takes place, which 
sults, with most permanent increase 
volume and change other known 
that the molecules are rearranged into another lat- 
very little information however, 
whether the original size the micelles retained 
this permanent decrease the 
scattering area observed agreement with per- 
manent increase the the micelles. 
When the treated with not thor 
pattern obtained which shows scattered intensities 
also other directions than the equatorial. This 
suggest smaller degree orientation and 
greater irregularity the distribution the micelles. 

The results obtained after mercerization of cot- 
ton and ramie with sodium hydroxide were dit- 
ferent. The mercerization was carried out with and 
without tension. has been stated, the lines 
scattering the case untreated cotton are short 
that they hardly appear underneath the inter- 
cepting Upon under tension, the 
scattering lines became much longer (compare fig 
ures 10, Plate without tension, this effect 
does not occur. The increase of the scattering line ob- 
served mercerization cotton under tension 
also irreversible, and can only explained—as far 
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breaking down micelles, resulting distance be- 
tween micelles half the original distance, and 


proportional displacement radiation 


the direction larger the rotation 
micelles into the new lattice and the swelling the 
fiber such splitting might conceivable, especially 
connection with the spiral structure and twisted shape 
cotton.* observed higher scattering mer- 
cerized cotton was also observed commercial mer- 
cerized yarns (figure 10, Plate and may 
promising method for studying the 
ground the process 

ramie, mercerization had little effect 
tering (see figures and 11, Plate although in- 
dication shortening the triangular area 
end was This may considered 
accordance with the presence large micelles and 
section IIT). 


the Fiber 


Another means tried for forcing the micelles apart 

-without introducing solution that the dry ma- 
terial could compared—was the deposition gold 
the The well-known method Ambronn 
and was followed, which 
and subsequently exposed ultraviolet light. 

The presence of metallic gold in the fiber could he 
proved the x-ray pattern, which showed the well 
the pattern cellulose and 

The small-angle jute and 
other fibers treated with solution gold chlo- 
ride always showed decrease intensity 
the scattering, especially the ends the lines, 
and decrease width (Plate figures and 2). 
This can explained assuming that the gold fills 
only part the intermicellar crevices, the others re- 
maining intact least not changing their size 
such extent the scattering. 


Conclusion 


From the above experiments the assumption 
relationship between the extent the scattering area 


According modern ideas the formation convolutions 
cotton might connected with the crystallization process 
upon drying and therefore reswelling and untwisting upon 
mercerization might inversely interfere with 
structure. 
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and the structure appears 
sible since any experimental change the distances 
between the micelles resulted 
(inverse) change the extent the scattering area. 
Therefore, evaluation the data given below 
along the lines suggested 
the application law. 


III: Calculation Micellar Distances the 
Various Fibers Investigated 


The scattering has great intensity near the pri- 
mary beam and over some distance away from it; 
rapidly decreases near the end the scattering zone. 

The smallest period each fiber 
readily from the greatest angle scatter- 
The calculation the average identity period 
more the distribution intensities 
over the subsequent identity periods might 
exact calculation our data, however, 
quicker and more reliable determination intensi- 
ties may worked For rough approximation 
and for comparative purposes will sufficient 
calculate the average identity period 
this way are given Table 

law refer any repeat period the micellar 
and intermicellar the repeat period 
this svstem can related only with the alternation 
(micellar) and amorphous (intermicellar 
matter, the values may considered represent the 
distance 


center-to-center or, 


what the same, the center-to-center 


tween the intermicellar spaces. 

many instances the diameter the micelles will 
closely related with the intermicellar distances, 
pecially natural fibers where the amount amor- 
phous portion generally small part the total 
amount this case the values the 
distances will nearly equivalent the diameter 
determine the ratio between amorphous 
line cellulose other means chemically) and 
hence calculate exactly the diameter the micelles 
from their distances. 

rayons the situation from that the 
tural fibers, since ratio amorphous crystalline 


cellulose much agreement herewith the 


169 
small-angle scattering indicates large 
tween the (small) micelles short scattering line 
less pronounced character and 
presumably due the large 
irregularly distributed material. 

may interest this connection mention 
that the method used for the evaluation the scatter 
ing diffuse systems permits direct determination 
the size the particles (compare Introduction 

any rate the center-to-center distances the 
micelles and their orientation may 
greater importance than their size, these dis- 
tances are directly connected with the texture the 
fiber (micellar skeleton and hence with its mechani 
cal and other properties. 

connection with these and other considerations 
the data obtained, therefore, can explained the 
presence smaller intermicellar distances and prob 
ably smaller micelles hemp, flax, and jute: larger 
and smaller distances between the micelles 
and cotton; and, presumably, 
celles and larger intermicellar distances viscose 
(the latter connection with the 

The results may generalized stating that 
variation exists the micellar distances 


fibers, and, more precisely, that the frequency curve 
| 


the distribution micellar distance has 
different mean and different minimum values 
the different 

These results are interest connection with 
eral aspects current theories structure 

the question the existence the individual 
micelle, the mechanism formation from 
\lso 


dispersed cellulose, structural changes 


the cellulose, and other phenomena. 


ies disintegrated cellulose, the electron 
problems* would he hevond the scope of the present 
article, however, 

scattering different jute—is not vet 
clear; higher intensity may possibly 
higher degree structural the 
presence ot lignin (compare footnote, page 167) 
might also part. The decrease intensity 
deposition of gold would be in accordance with the 
first explanation, since greater would 
result from the forcing apart the micelles that 
way. 
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IV: The Relation Between Scattering and 
Micellar Orientation 


The results described above were obtained with 
fibers and some other having almost paral 
Emploving fine pinhole beam resulted 
scattering pattern consisting horizontal line the 
equator both sides the primary beam, the line 
having the same width over its total length (except 

the micelles form angles with the long axis the 
fiber: the so-called hard are good example. 
The tollowing were studied (Plate Cocos 
flabellifera 
Agave lophantha (Tula 


Borassus (Palmyra), 
Agave heteracantha 
sisalana (Sisal hemp), 
Manila these cases the small-angle 
consisted two lines intersecting the center 


the diagram (primary beam), forming 


angle, presumably identical with the double angle 
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Agave lophantha 
\gave 


( ] ) Cocos 


heteracantha 
(3) Sansevieria guine 
(0) Agave 
Musa tex- 


ensis 
sisalana. (7) 
tilis Manila 
comosus. 


between the axis the micelles and the 
for instance, the angle was about 
Agave, 45° and Cocos (coir, which the fibrils 
(micelles) make angle 45° with the long axis) 
the scattering lines intersect exactly 
will noted (Figures that the case 
small angles the scattering lines, which have deti 
nite width, will more and more overlap, thus 
proaching single line the width which decreases 
the angle becomes The other angles 
the fibers investigated can easily measured from 
their low-angle 

comparison the the small 
angle scattering these fibers with the corresponding 
wide-angle diagram very 

wide-angle diagram cases such the above con 
sists the size which increases with increas 
ing angles between the and fiber axis. 

for direct determination the angle 
orientation the crystallites from the size the 
arcs has been developed Sisson 


method has been for the practical study cot 
ton Berkley 


a 
7 8 9 
4 
at 
= 


Marcu, 1949 


Cocos nucifera {2) \gave lophantha (2) \gave rourcroydes Vexvican heneg ny (4) Sansevier 


The exact determination orientation 
from the ares not very since, apart from 
the spiral pitch the other factors, such 
tion, are The end point the ares very 
intensity gradually decreases towards 
the above-mentioned authors suggested the 
measurement the are point where the 
tensity percentage the intensity the 


accurate but much more 


method has been recently worked out 


Plate shows the wide-angle diagrams some 
the The diagrams have been 
arranged the order decreasing angles 
lites with fiber axis, indicated 
diagrams the with the small 
angle diagrams Plate reveals that 
fibers can arranged exactly the same order with 
reference the size the angle between the inter- 


secting scattering Therefore con 
cluded that different spiral pitch the crystallites 
goes hand hand with ditferences the size the 
angles between the scattering lines 

This result agreement with our previous 
clusion that the scattering line originates 
fraction the micelles and that perpendicu 
their this true, the angle between 
the intersecting scattering lines will twice the angle 
between crystallites and tiber axis 

A point of ditference between the wide-angle dia 
and the small-angle diagrams consists 
fact that the wide-angle shows 
continuous are increasing angular size 
various fibers, whereas the small-angle diagram does 
scattering lines the “cross.” although the size 
the angle those lines goes hand hand 
the size the wide-angle The small-angle 
age evidently represents only the angle formed 
posite parts the micellar spiral the two points 
where the radius parallel the x-ray beam, and 
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the micelles the side the spiral obviously not 
play great part the small-angle scattering. Since 
these micelles are parallel the axis, seen 
from the direction the x-ray beam, their scattering 
would result line the equator which actually 
absent. The same micelles, however, produce wide- 
angle interferences the equator, originating from 
their planes parallel the long axis.* 

From the standpoint practical application, the 
small-angle diagram might important, therefore, 
would allow direct the orientation 
the erystallites. 

The phenomenon formation also im- 
portant indicating that (total) reflection 
fraction x-rays the surface the fibers does 
not play important role causing the scattering. 
Such reflection would only cause scattering perpen- 
dicular the surface the fibers, actually ob- 
served the cases where the crystallites are parallel 
the fiber axis. The formation crosslike scatter- 
ing where the crystallites form angle with the fiber 
axis rules out this possibility, however, indicating that 
Otherwise, equatorial scattering would result also 
the latter case, the orientation the being 
the same both cases. 
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Book Reviews 


The Chemical Technology Dyeing and Print- 
ing. Translated 
from the Second German Edition Paul Wen- 
Herman Baumann. New York, Rein- 
hold Publishing pages. 
$11.00. 


Diserens. 


Price, 


(Rev d by George Schuler, du Pont de 
Nemours Company) 


Dr. Diserens’ book enjoyed wide popularity the 
technical field Europe and the generally good 
lish translation makes available wide 
Additions by 
the translators serve increase its value 


interested technicians this country. 
can readers, and the deletions will missed. 
fields dyeing and printing have not been cov 
ered—for example, direct, and developed 
acid and dyes and their methods are 
and 
properties have been adequately handled 
texts. 


dyeing 


The treatment the ordinary vat, soluble vat, in- 
soluble azo, and mordant dyes thorough and com- 
plete, with both dyeing printing. 
There is, more emphasis and 
the vat colors, for example, might have 
been given more detailed attention, considering the 
field. 


paid auxiliary products used assistants 


However, great deal attention has been 


ing and printing, and the book undoubtedly ap- 
peal many because this feature. 

and patent references are well han- 
dled, having been incorporated largely text, 
and are usually given some fact, one 
wonders whether the greatest value this book 
not that furnishes many references for fur- 
ther the many details quoted from 
patents testify the thorough 
which preceded its publication, the patents are not 
classified the author their significance and 
industrial importance. 

The the 
maintained the typographical standard its Euro- 


has, for 


pean original and easy error two 


have been perpetuated from the German edition and 


some unimportant errors have been 
the translation. 

While this book will not serve complete text 
the chemical technology dyeing 
its thorough treatment the 
greatly extends the borders those subjects, com- 
It should be 
desirable addition technical libraries and prove 


pared with previously available texts. 


worth individuals interested this branch 


serence, 


Genius Industrial Research. |). 
New York, Reinhold 
1948. 257 Price, $4.50. 


Publishing Corp., 


ing Company 

The informality straightforwardness 

The 


preface exemplifies these qualities when states that 


“The material presented comes predominantly from 
the field industrial chemistry, for other 
biologists, sociologists, psychologists, and others in- 
terested too, others diverse back 
grounds and interests may led understand and 
them—by reading here the fascinating accounts 
how many modern developments were 
achieved.” 

Throughout, the book has the aspeet 
presentation, since the 
have been devoted different aspects 
ing the title and the 
own observations and opinions concerning the 
this the 


found easy lay the book aside, but correspond- 


ingly easy resume its perusal without too serious 
presentation this kind, some divergence 
opinion exists from chapter chapter which may 
considered healthy rather than stifling, since use- 
ful ideas need not necessarily ones which meet 


with general agreement. 
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The fifteen chapters present sequence, 
beginning with Chapter “Industrial Research 
consideration Chapter 13, “Evaluating Research,” 
Chapter 14, “Something about and, tinally, 
deter- 
mined effort has been made provide the interested 


Chapter 15, Ends Gathered Here.” 


reader with series references, from which parts 
the book have been drawn, and study which 
would, serve broaden one’s view. 

Each chapter introduced one more quo- 
tations which seem very apropos. the 
reviewer caught himself asking the question whether 
the chapter was written the quotation, 
whether other quotations found the litera- 
ture might apply just aptly the meditations 
other readers. 

Chapter provides this quotation: “So, 
great diversity problems must come the equally 
great diversity solutions, and the variety 
methods attack must equal these demands. 
That, course, leads inevitably the conclusion 
that the prime objective this book, set forth the 
pattern industrial research, quite impossible 
though one might forced agree 
with this opinion the ultimate analysis, neverthe- 
less significant accomplishment has been achieved. 

impossible pick out the points greatest 
interest, but the reviewer perhaps enjoved Chapter 
the other hand, Chapter 12, 


“Reports are contained many interesting 


much any other. 


and useful suggestions. 

Few errors occur the book 
clear, making reading more reviewer 
anticipates returning from time time for in- 
spiration well for useful information 


chosen quotations. 


Studies the Elasticity Cellulose Fibers. 


sen, 


Asmussen and Frode Ander- 
Tech- 
nical Sciences, No. Address: Dansk Tex- 
Solvgade, Copenhagen Denmark. 


(Reviewed Milton Platt, 
Laboratories, 


Transactions the Danish 


Research 


Volume this series, apparatus described 
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single cotton following mechanical prop- 


erties have been determined humidities 


stress relaxation various constant deformations 


stress-strain diagrams slow rates extension; 
the stiffness (the product dynamic modu- 
stretch and tension determined frequencies 
The 


results indicate that tensional stiffness decreases with 
humidity for both the static and the dy- 


cycles second; and the internal 


greatly influenced humidity than the dynamic. 
both with the magnitude the tension (or 
and the frequency, but much less influenced the 
latter than the shown that for the 
various mechanical properties 
entiation must made relative humidity 
100% and the liquid state. For example, dy- 
namic stiffness tensile strength are less, 
while maximum elongation greater the liquid 
all humidities the stress-strain diagrams 


cotton fibers are essentially linear. 


Studies the Elasticity Cellulose Fibers. 
the Danish Academy Technical Sciences, No. 
Denmark, 1947. 


Laboratories, Inc.) 


Research 


methods Volume were utilized 
study differences between staple rayon fibers and 
cotton following comparisons were ob- 
While cotton fibers possess essentially linear 
all humidities, the rayon 
fiber diagrams range from concave down 
37% 
the typical rayon diagram containing 
point about the ultimate load 


concave liquid water. 


any humidity, considering 
the 
(measured very light loads) cotton and staple 


rayon fibers the same. The the 
dynamic stiffness the fibers upon both ten- 
sion and humidity about the same that for cot- 
ton. 


Relaxation tests the staple rayon indicate 
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the viscous component non-Newtonic, the data 
being best explained assigning number gradu- 
ally increasing values the relaxation time. 


Brooklyn, New York, Chemical Pub- 


pages. 


Robinson. 
lishing Company, 1948. Price, 


$12.00. 


(Reviewed Lee 


Research 


purpose this book bring together 
one volume contributions high-polymer 
physics the last few vears. The book contains 


papers, each authors outstanding 
These are not, general, review articles, but are re- 
prints original papers which have 
peared, least part, scientific journals. 

Molecular 


part, entitled Struc- 


ture of High Polymers,” 
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Part Physical Properties High Poly- 
Me- 


chanical, elastic, viscometric, dielectric, stress-strain, 


contains the majority the articles. 


thermal, and electrostatic properties are considered, 
\mong the 
polymers investigated are rubber and rub- 


well crystallization and tackiness. 


her, cork, textiles, and plastics. 

Part “The Chemical High Poly- 
contains papers which deal with molecular 
distribution, viscosity, thermal polymerization, swell- 
ing, and the thermodynamic characteristics cer- 
tain high polymers. 

Three papers are included the last part, entitled 
and High paper 


describes the use thermal ditfusion 


the study polymer solutions. The other two de- 
instruments for making light-scattering meas 
urements. 

collection papers included this volume 
provides valuable source information the cur- 
the 


rent picture high-polymer physics, for both 


physicist and the chemist. 


Correction 


Elastic Performance Textile Materials 


The Application 


Some Techniques the Investigation the Etfects 


issue, page 


December, 1948, 


page 712, second column, last third line: should appear 


the left-hand term the equation. 


page 715, Figure 
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ANALYSIS: TESTING: 
LABORATORY METHODS 


End Groups Amylose 
and Amylopectin 


Starch. End group determina- 
tion amylose and amylopectin 
Am. Soc. 70, 3488-90 
(Oct. 1948). 


method for estimating the end 
groups amylose and amylopectin 
based the quantitative deter 
mination the formic acid produced 
when the starch fractions are sub- 
oxidation with sodium 
meta-periodate The amy 
lopectins from plants 
ranged from glucose residues 
of the corresponding amvloses 
ranged from 420 glucose 
residues. \uthors 
Research 


Molecular Weights 
and 
Amylopectins 


Starch. II. Molecular weights 
amyloses and amylopectins from 


language publications given the January, 1949, issue, page 46. 


starches various plant origins. 
A. L. Potter and W. Z. Hassid. 
Am. Chem. Soc. 3774-7 
(Nov. 1948). 


The number-average molecular 
weights amylose and amvlo- 
pectin components starches from 
ditterent plant sources were deter- 
mined osmotic pressure measure 
range from 100,000 to 210,000; those 
mately 1,000,000 to 6,000,000. 
osmotic 
pressure measurements 
values found the periodate end 
group method indicates that some 
single 


chains. 


other (tapioca, 
wheat, corn, and sago) chains 
linked form one amylose 
pectins the number Side chains 
approximately \uthors 
ext. Rese h J. Mar. 1949 


Breaking Strength 


The value breaking-strength tests 
quality control dyeing and 
finishing. 
Praxts (Oct. 1948). 


University Library, New Haven, 


Transla- 


Orders for this special service should mailed once Textile 


The 
and or dved fabrics to be a poor 
tests and 
determination the degree poly 
merization instead. 
Text. Research J, Mar. 1949 


Krasny 


Determination 
309-12 (Sept. 1948). 


tempts and methods determine 
color-fastness. The Swiss textile 
industry adopting methods used 
and Great Britain rather 
than the German methods which 
Teat. Research J. Mar, 1949 


Fiber Sorters 


Fiber sorters aid cotton mill opera- 
98, 109, 192, 196, 198 
1948). 

The tiber sorter may used the 

mill determine the length 

(through length distribution 

arrays), determine the spinning 

qualities new lots stock, and 
arrange bale mixes, check 
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formance the card and 
and establish nep counts. 
Landau 


Text. Research J. Mar. 1949 


Formaldehyde Resin 
Finishes 


Identification formaldehyde resin 
finishes cellulose fibers and 
wool. 
Rundschau 1948, 
365 (Nov. 1948)). 


per extraction boiling tem 
perature and rinsed three times with 
tibers are treated with 
acid and about 
the distillate are treated with mg. 
the presence formaldehyde, 
blue) or blue-green color appears. 
the acid extract are treated 
melamine resins vield white turbid 
itv. this test positive, 
acid extract are treated with 
Melamine resins cause strong tur 
albumin 
causes turbidity only when present 
the test result 


large amounts, 


the acid extract. 
do not. 


Melamine causes 

albumin and urea resins 
acid extract are 
treated with concentrated 
paper. If the initial H NOs reaction 
disappears min., urea very 
likely this test posi 
tive, 5 em.’ of the acid extract are 
precipitate appears. 


lext. Research J. Mar. 1949 


Potato Starch Gels 


Whitten- 
Nutting. 


Potato-starch gels. 
berger and 


1948). 


90°C potato starch forms gels which 
are not firm those from corn 
wheat but firmer than tapioca, waxy 
form gels too soft to test. Data 
are given on strength, firmness, and 
clarity, and the effect 
temperature, 
strength, 
Tester, increased 
linearly with concentration between 
6% and 11%. A pH below 4 or 
above 9.5 weakened the Pre- 
heating 93°C with water 


concentration. 
measured the 


retarded swelling, increased firmness 
and strength, and 
bonding agents, such 
sucrose, dextrose, glycerol, 
creased the fluidity the hot pastes. 
lessened clarity and tackiness, but 
increased gel and strength. 
High concentrations inhibited gran 
ule oblique illumi 
various pastes are shown 
micrographs. extent gran- 
ule swelling and persistence gran- 
Macormac 
Text. Research J. Mar. 1949 


Hand-Knitted Yarns 


Evaluation hand-knitted yarns 
technological tests. Heim 
eran. Textil-Praxis 
(Nov. 1948). 

Bulkiness (related thermal con 

ductivity), elasticity, and resistance 


335-9 


abrasion are important qualities 
can measured winding the 
varn around glass plate, covering 
with another plate upon which 
measuring the distance between the 
value and the 
found measuring the width 
predetermined 


plates. 


lavers are used formulas for the 
detined as the percentage ol airina 
properties 
gated with the Frenzel-Hahn 


air 
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constant load; the number breaks 
per unit length recorded, and load 
elongation diagrams are drawn con 
tinuously. Results for 
mixed varns. 
le Research J. Mar, 1949 


CHEMICAL and PHYSICAL 
RESEARCH 


Oxidation Cellulose 


Atmospheric oxidation cellulose 
ammoniacal copper solution. 
Classe sci. chim. 1945, 
(through Chem. Abstr. 42, 61097 
(Aug. 20, 

The lowering the cupro 

keeping is due to reaction with 
oxidation the group 
the glucose residues 

This, turn, the 

resistance the glucoside links 

The velocity the reaction 

increases rapidly with 


bases. 
tempera 
ture increases and, 
depolarization, degra 

These 
10-15°C, and after hrs 
AcOH, and and 
306, of uronic acids 


lar weights 


reaction 
nechanism discussed. 

Research Mar. 1949 


Viscosity Cellulose 


The influence pitch wood cellu- 
lose its viscosity. 
22, No. 32-4 
(1947) (through Chem. Abstr. 42, 
6112e (Aug. 20, 1948)). 

results are presented 

show that vis 
cositv of bleached and unbleached 
wood cellulose is depende nt not only 
the degree depolymerization 
and the number cellulose bonds 


" 
{ 
pee 


at 
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but, great degree, the pres- 
ence pitch the cellulose, pitch 
content greater than increasing 
the indicated several-fold, 
with mechanical 
strength. 

ext. Research J. Mar, 1949 


Flow Cellulose Fibers 


Relaxation and flow cellulose 
Inst. 39, (July 1948). 

kvring’s theory of rate processes 

The theory applied 
explaining the shape the creep 
curves for viscose ravon, acetate 
and cotton. The energy 
activation cotton varn cal- 
culated from stress-strain curves 
ditferent rates similar 
laxation experiments same 


ext. Resea J. Mar. 1949 


Primary Hydroxyls 
Cellulose Acetate 


The determination primary hy- 
droxyl groups cellulose acetate 
Carl Malm, Leo Tanghe, and 
Soc. 70, 2740-7 (Aug. 1948). 


samples cellulose acetate 
containing from 
were with p-toluene sul 
tonal chloride pyridine and then 
iodinated sodium iodide 
The longer the time 
tosvlation, the greater the amount 
iodine The primary 
alcohol groups can estimated 
noting the point which the iodina 
tion reaction slows down. some 
the amount intro 
present, owing the presence 
the reaction conditions 
both the and iodination 
were extended, increasing amounts 
primary were indicated. 
action means determining 
the 
conditions 


reaction 
standardized. 


\uthors 


ext. Research J. Mar. 1940 


Fabric Geometry 


The relationship between the struc- 
tural geometry textile fabric 
and its physical properties. 
Literature review. Backer. 
TEXTILE RESEARCH JOURNAL 18, 
650-8 (Nov. 1948). 


issued the Quartermaster 
Corps discussing the importance 
fabric geometry the development 
review which shows the relationship 
between the structural characteris- 
ties fabrics and various functional 
characteristics, such breaking 
tear-re- 
sistance, insulation, abra- 
sion-resistance, and 
ity. Author 
Text. Research J. Mar, 1949 


strength elongation, 


Flax Quality 


The relationship between the chem- 
ical composition and the quality 
28, 37-40 (1947); 
42, (through Chem. 
wlbstr. 42, 6541d (Sept. 10, 1948)). 


experimental results previous 
tain rules are apparent when large 
number samples are considered, 
but regular relationship between 
the chemical and physical properties 
flax has been discovered. 
Text, Research J, Mar. 1949 


Gelation 


The effect concentration and 
temperature gelation time. 
Sci. 207-11 (June 


empirical equation the form 
QRT 


which represents the 
the setting time (f) gel with both 
concentration 
Arrhenius’ equation con- 
stant concentration, and expresses 
the gelation constant 
Picts of log t 


temperature, 


TEXTILE JOURNAL 


with temperature, 
energy, with 
achieved with increasing concentra 
possibly the point of balance be 
primary particles and (2) 
the extent secondary aggregation, 
the latter being dominant low 
concentrations temperatures, 
and the former higher ones. 


Text. Research J. Mar. 1949 


Tensile Properties Jute 


Some tensile properties jute. 
Woods. Text. Inst. 39, 
241-4 (July 1948). 


strength 
jute are reported. 
modulus is found to be correlated 
with fineness. The effect speci 
men length the tensile strength 
jute comparable strength with 


Text. Research J. Mar. 19049 


Karayu and Locust 
Bean Gum 


Physicochemical properties Kar- 
ayu gum and locust bean mucil- 
J. Colloid Set. 3, 457-71) (Oct. 
1948). 


following data were obtained 
sedimentation 
stants at zero concentration, mole 
cular weight from these and from 
ratio and average length and width 
the gum has 
molecular weight about times 
that locust bean mucilage despite 
the fact that intrinsic viscosities 
The differ 
ences are due shape 


the two are the same. 


Text. Research J. Mar, 1949 


Lignin Structure 


Constitution the side chains 
lignin. Wacek and 
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Kratzel. Polymer Sci. 539 
(Aug. 


Conclusions are regarding 
the probable structure the side 
chain lignin based compari- 
son the behavior lignin with 
that model compounds (1) 
sulfite reactions, (2) alkaline oxida- 
reactions with nitrobenzene, 
and (3) hot alkali reactions. 
new data. Klug 
Pext. Research J. Mar. 1949 


Molecular Weight 
Distribution 


Distribution molecular weights 
Owens, Jackson Miers, and 
277-91 (Aug. 1948). 


sample pectin propionate was 
fractionated by fractional precipita 
fractions directly proportional 
the number-average molecular 
weights. The molecular weight dis- 
tribution curves are Gaussian 
not have Kramer and 
logarithmic shape Klug 
Research Mar. 1949 


Polymeric Esters 


phosphonitrilic 
new type inorganic-organic 
plastic. Goldschmidt and 
Dishon. Polymer Sci. 
(Aug. 1948). 


chloride 
was treated with aliphatic alcohols 
(ethyl, 
Most the chlorine was replaced 
alkoxyl but some was 
adding swelling agent during 
chloroethane. Physica! properties 
the products and data 
cellulose Composition are 


Polysaccharide Carbamates 


Polysaccharide aryl carbamates. 
Ivan and Carl Rist. 


Am. Chem. Soc. 70, 2779-82 
(Aug. 1948). 


dry pyridine with phenyl 
the 
tricarbanilates 
melting characteristics, 
behavior, 
corn starch, corn amylose, and amy 
lopectin, amylose and amy 
lopectin, Waxy corn starch, 
dextrin, 
torrefaction dextrin and Shardinger 
corn strach, 
amylose, and amylopectin 
the untreated starches was obtained. 
tricarbanilates branched and 
unbranched polysaccharides 
differentiated their wide varia 
different solubility ethyl acetate 
Text. Research J, Mar, 1949 \uthors 


Refractive Index Proteins 


The specific refractive increment 
some purified 
Perlmann and Longs 
worth. Chem. Soc. 70, 
(Aug. 1948). 


With the aid hollow, prismatic 
cell and the optical equipment 
the Tiselius electrophoresis appara 
tus, the refractive index increments 
solutions egg albumin, bovine 
serum albumin, human serum 
human gamma-globulin have been 
measured functions the protein 
concentration, the temperature, and 
the wave length the incident light. 


changes the refractive 


increment that occur titration 
the protein with alkali the pres 
equilibration, with buffers, have 
also been determined. Such data 
are necessary for quantitative 
interpretation the electrophoretic 
patterns proteins. Authors 


Surface Tension 


Mixed monolayers. Adsorbed 
films the air-water surface. 
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Eric Hutchinson. Colloid Sci. 
(Oct. 1948). 


The surface tension 
containing octyl aleohol and sodium 
sulfate was measured and 
the concentrations of alcohol and 
cohol the main constituent the 
film even when present low 
properties 
the mixed film indicate 
action between the components 


Titration Viscose 


Potentiometric titration viscose. 
Polymer Sci. (Aug. 1948). 


The changes occurring during 
titration viscose solutions were 
not sharp enough enable deter- 
mination the degree ripening 
of viscose. However, potentiomet 
titration with using 
silver and calomel electrodes gave 
which varied with the 
the point of inflection vs. degree of 
ripening gives minimum the 


spinning. The titration curves 
dicate that sodium 


scheme the reactions occurring 
during ripening 


BLEACHING: DYEING: 
FINISHING 


Bleaching Cellulose 


Cellulose. Bleaching with sodium 
285, 287, 289-91, 293, 327, 
Inst. 38, (through 
Chem. Abstr. 42, (Aug. 20, 
1948)). 


study has been carried 
and its behavior towards 
cellulose. The results obtained are 
compared with those obtained from 


| 4 
a 
ox. 
h bass 


the use other bleaching agents, 
such and The 


problem the effect the presence 


of metals on the stability of the 
bleach has also been studied. The 
the bath was 1:10 


the case staple tiber and 1:6 for 


cotton Whiteness degrees were 
determined before and after ageing, 
and break-resistance, degree 

merization, 


were also determined. The 


was ascertained throughout the 


Experiments with staple 


and with cotton are fully 
scribed and all results are presented 
that bleaching can lead 
higher degree whiteness than the 
treatment the operation 
modification existing equipment 
order prevent corrosion and 
spontaneous decomposition of the 
bleaching, 
must made for the continuous 
addition of a more concentrated 
solution compensate for losses due 
decomposition, and permanent 
chlorite solutions have the 

ext. Research J. Mar. 1949 


Bleaching Jute 


Bleaching jute with chlorite. 
Sarkar and Chatterjee. 
Text. Inst. 39, T274-81 (Aug 
1948). 


The color jute ascribed 
the presence fats, waxes, chloro- 
and lignin. The article deals 
primarily with the removal lignin 
Under proper conditions the lignin 
can removed any degree 
sired, complete removal resulting 
present the effect upon the jute 
the bleaching agent under various 
conditions time, concentration, 
temperature, pH, liquor 
Scouring prior bleaching had 
strength. The lignin com 


pletely removed and vet the jute 


will retain its fibrous structure and 
a considerable portion of its 
strength, contradiction some 
previous observations. However, 
is admitted: “For reasonable wet 
strength and fair degree 
tions could be found with chlorite 
for bleaching jute. For 
yellow color... 0.5, chlorite at 
1:10 ratio and 
Tallant 
Text. Research J. Mar, 1949 


Cross-Dyeing Cotton- 
Rayon Fabrics 


Cross-dyeing cotton-rayon fabrics. 
Anon. Am. Wool Cotton 
Re ptr. 53, 17-18 (Sept. 16, 1948). 

Cross dveing of a fabric is possible 

only if the two tibers used are of 

different compositions. Matching 
shades the fibers are 

ditferent basic luster have 

Text. Research J. Mar 1949 4 


Pigment Resin Emulsions 


Pigmented resin emulsions for 
printing and pad dyeing. 
Silverman. 
37, (Jan. 26, 1948). 

The constituents pigment resin 

emulsions and the 

making them are discussed. 


KK. S. Campbell 
Text. Research J. Mar. 1949 


Vat Acid Dyeing 


Practical experience vat acid dye- 
(Dec. 29, 1947). 

Practical examples are described 

which the particle size vat 

sodium leuco form are 
these 
pale shades on singles cotton varn 
and spun package form, 
spun rayon fabrics, fabrics contain 
ing protein fibers, and fabric con 
structions containing nubs. 

Campbell 

Text. Research 1949 


TEXTILE RESEARCH 


Screen Printing 


Silk screen printing pigments 
ing 24, No. 9, 56-8, 60, 62, 64, 66 
(1948) (through Chem. Abstr. 42, 
7049a (Sept. 20, 


Requirements process lacquers for 
decorating pennants subject out- 
door flying, the printing and 
production basis, and 
what long exposure perform 
fungus attack, ete., are noted. 

Text. Research J. Mar 1949 


Mothproofing 


Chemical and physiological aspects 
haus. Reptr. 37, 
(Jan. 26, 1948). 

The chemical nature some the 

most effective moth-prooting agents 

discussed; agents are 

Mitin, and the Fulans. The 

physiology the clothes moth and 

the eating habits the larva are 
presented. Campbell 

Text. Research J. Mar, 1049 


Trends Fabric Processing 


Trends fabric processing. 
Tripp Textile Bulletin "74, 71, 
(Dec. 1948). 

volved particular the 

improvements that have been made 
which have decreased the time 
quired for complete 

Landau 


1 J. Mar. 1949 


FIBERS: YARNS: FABRICS: 
MECHANICAL PROCESSES 


Drying and Shading Printed 
Cotton Fabrics 


Drying and shading printed cotton 
fabrics. Anon. Am. Wool and 
Cotton 53, 9-10, (Nov. 
18, 1948). 


The operation and maintenance 
the machinery used for the 
fabrics. The comparative advan 
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tages different methods are dis 
cussed. 
lext. Research J. Mar. 1949 


Landau 


Shrinkage 


Shrinkage woven cotton and 
staple-fiber fabrics. 
Tids. Textilteknik (1948) 
(through Chem. Abstr. 42. 7049¢ 
(Sept. 20, 


The causes shrinkage and ways 
reducing 
machines) and chemically (synthetic 
alkali, 
treatments) are 

Text. Research J. Mar. 1949 


resin, 


Preshrinking Knitted Fabrics 


The Redman process for controlling 
shrinkage knitted fabrics. 
Williams. Age 12, 42, 
46, 48, (Oct. 

tures the Redman 

preshrinking knitted fabrics. 
gestions are given for testing cotton 
tubular knit fabric for shrinkage 

laundering. 

text. Research J. Mai 


tea- 
process for 
Sug- 


Landau 
1049 


Bibliography Industrial 
Fibers 


Chemical 
Casey and Grove, Ind. 
40, 1793-8 (Oct. 
1948). 

annotated bibliography arranged 

alphabetically authors articles 

(1944-1948) containing information 

value engineers interested 

The 

physical and chemical properties 

and their engineering and 
dustrial applications, but not meth 


the use fibers industry. 


ods testing manufacturing, are 
Text. Research J. Mar 


Macormac 
190490 


Protein Fibers 


Regenerated protein fibers from 
Text. Inst. 39, 
1948). 

Regenerated protein are pre 

pared from degradation product 

wool blended with casein dis- 


lowed extrusion into acid and 
salt bath. The resulting fibers are 
conditioned prehardening bath, 
stretched, and 
reported for the 
blends and for casein. The 
tenacities the lower 


blends are 
and the ratios of wet tenacities to 
dry tenacities are greater than for 
Text. Research J. Mar. 1949 


Modernization Wool 
Carding Machines 


Accent production. 
Platts Bull. 6, 83-90 (Sept.-Oct. 
1948). 

review the means which wool 

carding machinery 

Text. Research J. Mar 


mod- 
Fiori 
1949 


Axminster Looms 


Axminster 
Platts 
1948). 

wide looms connected with the 

method pile severance known 

“top described. 

Text. Research J. Mar, 1949 L.A: 


carpet 
Bull. 6. 96 7 (Sept. Oct. 


Fiori 


Electric Controls Looms 


Electric controls modern looms. 
Textile Recorder 66, 
(Sept. 1948). 

Electrical devices main 

operating which are 

featured on and silk 
automatic looms are described and 
diagrammatically. 


Swiss 


Fiori 


Slashers and Slashing 


Slashers and slashing. Sil- 
COX Textile Age 12, 44, 46-48, 
50-51 (Nov. 1948). 

The proper procedure to be followed 

Formulas and calculations 

for estimating the production the 

slasher, and tables showing drving 
models slashers are given. 


Landau 


esearch J. Mar. 1049 


Slashers and slashing. 
cox. Textile Age 12, 58, 60, 
(Dec. 1948). 

The preparation size mixtures 

detailed 

the amount agitation and tem 


reference 


re ommended various 


cooking 


perature 
storing. 


and 


stages ot 
kettles, 
and size pumps are 


Size cooking 


storage, 
described and 
their proper use explained. 


Landau 


Bunching Motion for 
the Mule 


Pirn bunching motion for auto- 
matics. Anon. Platts Bull. 
94-5 (Sept.-Oct. 1948). 

and described 

motion for the woolen mule which 


enables the machine 
ages that can used the loom, 
necessitating further pro 

ess re-winding where the “bunch” 
normally formed. 
automatic and 
when spinning 
Research Mar, 1949 


The device 


can be disengaged 


Ring Frames—Conversion 


\non 


Conversion, ring frames. 
Platts Bull. (July 
1948). 


previous report (Platts Bull. 
40-8 1948); cf. 
18, 703 (1948)) ring spinning frame 
drafting conversions only 
the 
this discussion the alteration 


svVstem. 


existing frames the single-apron 
system high-drafting described 


Text. Research J. Mar, 1949 


Saco-Lowell Worsted System 


New Saco-Lowell system for proc- 
essing worsted yarn. Bea 
con. Textile Age 12, 34, 39, 
(Nov. 1948). 

The Saco Lowell 


spinning worsted discussed 


new 
with regard its effect upon both 
the cotton and 
The system limited the present 
time the use 


staple length in. 


worsted industries. 


fibers having 
under. 


; 
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marking the 
top before processing explained. 
Landau 


Text. Research Mar. 1949 


Conditioning and 


Saco-Lowell system for processing 
worsted. Beacon. Textile 
Age 12, 42, 46, 48-9 (Dec. 1948). 


spinning worsted consists lap 
winder, two processes drawing, 
roving, spinning, winding, and twist- 
ing. the lap winder there are 
two drafting 
only small tension draft. The 
drawing frames are equipped with 
new drafting system composed 
lines of top rolls over 4 bottom rolls. 
The drawing frames are equipped 
with baller motions, instead the 
conventional coilers, used 


sets of 


conjunction with cans. 


Landau 


Text. Research J. Mar. 1949 


Yarn Knotter 


Semi-automatic knot 
Textile Wee kl y 42, 862 (Oct. 15, 

suitable tie varns which 

may vary widely count, turns per 

inch, quality, and material. Claim 
made that will tie anv knot 


any textile. 
Text. Research J 


Fiori 


MISCELLANEOUS 


Mohair Production and Use 


Livestock Branch, 
Marketing Ad- 
Dept. 
Washington, 

pp. 


Mohair report. 
Production and 
ministration, 
riculture, 
June, 1948. Free. 

quality the mohair clip the 

growers have little incentive 

prove because dealers buy 

well-developed 

promotion program 
research grading, marketing, and 


needed (soats are 


because they clear brush and 
prevent crowding-out forage for 


mohair upholstery, 
formerly its most important use, has 
jections its and 
warmth, and because cars will sell 
The use mohair railroad cars, 
buses, and planes will continue, but 
volume The use mohair 
furniture upholstery has declined 


the change 
from velvets and plushes looped- 


pile and frieze and because 
the growing use 
weight worsteds for Data 
ports, and prices are given. 
Text. Research J. Mar. 1949 R. OB. 


suits. 


Evans 


Rayon Pulp 


Wood. Utilization for rayon and 
paper. Bucher. Textil- 
Text. Inst. 38, (1947) 
(through Chem. Abstr. 42, 
(Aug. 20, 1948)). 


broad review given wood 


raw material for the ravon and 
paper industries. 


Text. Rese 


Rayon Tire Cord 


Rayon tire cord fabrics. 
Beaver. 
Texts. 29, (Oct. 1948). 

brief 

specifications. 


Lext.* Research 


tire cord 
Fiori 


review ravon 


Universal Yarn 
Counts System 


universal yarn counts system. 
Manufacturer 
454-6 (Oct. 1948). 


realized the adoption 
proposed universal system for the 
numbering 
sion factors for various are 
tabulated. 


Text. Research J 


varns. Conver 


Landau 


Rinsing Water 


Automatic control rinsing water. 


JOURNAL 


1948, 153 (through 
365 (Nov. 
The conductivity the water used 
measurement its verti- 
cal glass tube containing platinum 
quencies are used 
ization the electrodes; the poten 
tial is about 2 volts. 
Text. Research J. Mar, 1949 


Tariff Silk Manufactures 


Silk manufactures. Summaries 
Tariff Information, Volume 12. 
Commission, Wash- 

imports, status, competition 

with domestic industries, for 

each type silk manufactures 

ported into the United States. 


Years Textile Research 


years textile research. 
Jacobs. Textile Inds. 112, 
166, 168, 175 (July 1948). 


Credit tor the formation of one ot 
the tirst industrial research labora 
tories given the textile indus 
Luther Dana labora 
the Merrimack Manufactur 
ing Company Lowell, Mass., 
From studies carried out 
this laboratory, the svs 
tem” 


Samuel 


bleaching was developed 
The general institution research 
laboratories private tirms did 
not wide scale until 
after 1900, the Pacitic 
Cheney Brothers being pioneers 
tional Bureau Standards after its 
establishment 1901 was the test 


fore 


ing and research textiles and 
textile raw materials. The results 
important dealing with 
the development private research 
groups are revealed tabular form 
parisons are 


various trends 


discussed. 
Landau 
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